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Teeming millions in India: Certain vital issues 


Vinod К. Anand! 


Abstract 

This Paper attempts to review the past approaches to population policy in general and assesses alternatives 
available to a developing country like India in particular. The study is divided into three sections. The first 
section deals with the background of the problem and general issues related to growing population all over 
the world. It discusses the historical trend of population growth, which was set in motion around the middle 
of seventeenth century that ultimately took a dangerous tum after the Second World War. The second section 
highlights the available policy options adopted by nations afflicted with higher population growth at different 
points of time. In the third section, an endeavour is made to present Indian scenario by analyzing the policies 
and programmes adopted by the government since the time of independence, their impact and possible 
alternatives for the future. 


Section I 
The Background 


The population of the world has witnessed an unprecedented growth during 
the past six decades. It was 2.5 billion in 1950, 4 billion in 1975, and it has shot 
up to about 6 billion today, and is expected to cross 8 billion and 9 billion mark 
by 2025 and 2050 respectively. In fact, annual world population growth fell 
from 1.8 per cent in 1950 to 1.2 percent in 2000 and as per the forecast by the 
United Nations it will decline to 0.3 per cent by 2050. But in absolute terms, 
the world population is showing an upward trend. There are a few other 
interesting trends: 


и The proportion of the world population under 15 fell from 34 per cent 
1950 to 30 per cent in 2000, and it 15 expected to reach a level of 20 per 
cent by 2050; 


m Average life expectancy jumped from 47 in 1950 to 65 in 2000, and is 
expected to reach a level of 74 by 2050; 


m Тһе proportion of people over 65 rose from 5 per cent in 1950 to 7 per 
cent in 2000, and is expected to reach a level of 16 per cent; 


ш Іп advanced countries life expectancy, which was 77 in 2001 is expected 
to reach 83 by 2050, whereas in developing countries it was 64 in 2000, 
and it is expected to reach the level of 74 by 2050; 


m Despite interesting reduction in birth rates in several parts of the world?, 
more than 90 million people are being added to globe each year. Analysis 
of the region-wise population statistics of the world shows that most of 
this growth has taken place in the developing world, particularly in Asia, 
Africa, and Latin America; 


1 Theauthor was earlier placed at the University of Allahabad as Professor and Head of Economics... 

2 The population in many rich countries is shrinking ог is about to shrink because women increasingly 
have stopped having children. Their fertility rate in these countries has already dipped to 1.3 or less 
(Aiyar, 2004A). 
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m For the world as a whole, it is expected that population will continue to 
grow by another 2.5 billion people from 2005 to 2050; АП of this growth 
will essentially be in the developing world: 1.3 billion more people in 
Asia, 900 million more in Africa, and the rest in Latin America; 


If we analyze this increase in the world population from the point of view of 
the history of mankind, it is observed that more people have been added to the 
earth during the last six decades as compared to the historical times prior to the 
middle of the last century. According to a study published by the Royal Society?, 
as reported in The Times of India (2003A), there are 1000 times too many people 
on our planet to be sustainable for very much longer. This would incur inevitable 
risks like mass starvation, epidemics or even extinction. For example, a wealthy 
nation like the United States represents approximately 5 per cent of the world 
population, but it consumes around 85 per cent of the world resources. 


This has, therefore, aroused worldwide interest in the study of population 
dynamics and its impact on social, cultural, and economic development of 
humanity. There is a growing realization today that the consequences of unabated 
population growth may likely upset the balance between people and resources 
and the hopes and aspirations of the human beings and opportunities available 
to them. The development agenda pursued by various countries of the third 
world is feared to get upset in view of the fact that an increase in population is 
closely linked with economic and social change that in turn increase demand for 
agricultural products, employment, housing, health and other social services. 


Historical records of growth of the world population from early beginning 
of the homo-sapiens up to the nineteenth century are merely based on speculations 
due to lack of supportive evidence. The available statistics are mostly fragmentary 
and unreliable and, therefore, much of the demographic information is born out 
of scholarly guesses. These fragmentary historical, anthropological and biological 
evidences have been pieced together for the purpose of tracing the growth of 
world population, which point towards the struggle between man and nature, 
and the success of man in adjusting, controlling, and modifying his environment. 
The estimates, though not very reliable, are highly useful to understand each 
stage of human development and the subsequent demographic consequences 
that have taken place. 


It is believed that up to the beginning of Christian era world population 
remained below 250 million with the birth rates and death rates locked in a 
seemingly permanent equilibrium. It doubled to 500 million by 1650 and crossed 
the billion marks only around the middle of the nineteenth century. To add another 
billion to world's total population took slightly more than a century and since 


3 Тһе Royal Society study ‘used a statistical device called ‘confidence limits’ to measure what the 
sustainable norm should ideally be for species populations while simultaneously factoring in other 
variables such as carbon dioxide production, energy use, biomass consumption and geographical 
range." 
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then nearly one billion people аге being added to the global population after 
every 12 years. This trend of unprecedented rise in world population from around 
the seventeenth century onwards would end up due to the declining trend in 
fertility rates sometimes in the twenty-second century, but not without leaving 
behind its dangerous and unknown consequences for the future of human survival 
on the earth. 


Large size afd rapid growth of population have far reaching serious and 
severe consequences on health and wealth of nations in general and developing 
countries in particular. The question of size and growth of human population 
had attracted attention of even the earliest thinkers of Greek, Roman, Confucian 
and Indian origins that had given different points of views on the subject. A 
large and rapidly growing population has sometimes been considered desirable 
as a source of strength and wealth of the State and as an essentially useful factor 
underlying technological development. Adversely, it has been viewed as a 
contributory factor to poverty, wars, floods, famines, epidemics, and other natural 
calamities. It goes to the credit of Thomas Robert Malthus (1766-1834) who, 
nearly 200 years ago, very strongly advocated about the adverse effect of 
population growth on human welfare, and argued that the tendency of population 
to grow faster in relation to its means of subsistence had led to human misery 
and placed several obstacles in the path of human progress. Studies like Ehrlich 
(1968) and Meadows (1972) have made the modern Malthusians to conclude 
that the high rate of population growth retards economic development and 
inevitably leads to poverty and unemployment. It could endanger the survival 
of humanity because supplies of life-supporting resources such as land, water, 
and minerals are finite. Critics of Malthus and Neo-Malthusians believe that 
increase in human knowledge and technological innovations would make it 
possible for humankind to have better standards of living despite rising 
populations. This debate still continues. However, despite the sharp disagreements 
about the future prospects, it is generally agreed that a reduction in rapid 
population growth in developing countries will lead to better prospects for 
improved living standards of additional billions of people in the decades in future. 


To curb the highly accelerated growth of population, several policies and 
programmes have been undertaken all over the world, particularly in developing 
countries during the recent decades. These policy options are similar as far as 
their basic goals are concerned. However, the modalities of implementation may 
differ from region to region and from country to country according to the existing 
social beliefs and economic conditions of the people. 


This Paper endeavours to review past approaches to population policy in 
general and tries to assess alternative policy measures available to a developing 
country like India in particular. It is divided into three sections. The first section 
deals with the general issues related to growing population all over the world 
and discusses its historical trend set in motion around the middle of the seventeenth 
century, which ultimately took a dangerous turn after the Second World War. It 
also analyzes the available policy options adopted by the nations, afflicted with 
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higher population growth rates at different points of time. The third section focuses 
on the Indian scenario and analyses the policies and programmes adopted since 
the time of independence, their impact and the possible alternatives for the future. 


wi 


Section II 
Policy Options 


A population policy is considered to be a deliberate attempt by a government 
to affect the size, structure or geographic distribution of the population. Since all 
the demographic variables are influenced through fertility, mortality and migration, 
these three factors are of particular importance in the context of any population 
policy. It is, therefore, essential to discuss population policy issues in respect to 
these components of population change. The policy measures and programmes 
expected to affect these critical demographic variables may be direct, indirect or 
both. Whereas, mortality-influencing policies are directed to bring about a 
reduction in mortality rates, migration-influencing policies seek to change the 
flow of internal migration as well as international migration. The fertility-related 
policies aim at influencing fertility rates and may include both pro-natalist and 
anti-natalist programmes, keeping in view the socio-economic needs of a nation. 


After the Second World War, the World Health Organization (WHO) resolved 
to eradicate mass killer diseases (like malaria and cholera) and promote the 
concept of positive health with the aim to reduce high mortality rates prevailing 
at that time in most of the countries of the world. The organization was entrusted 
by late sixties with the responsibility of providing advisory services to government 
at their request on the health aspect of fertility, sterility, and fertility regulation 
methods, including the organization of family planning services as part of its 
organized health services with special emphasis on maternal and child health 
components. The International Conference on Primary Health Care, 1978, 
organized jointly by the WHO and UNICEF, at Alma Ata resolved to emphasize 
the need for health education and adoption of public health measures, keeping 
in view the social and cultural settings and technical requirements in each area. 
It was also stated that the highest priority should be accorded for services to the 
needy and under-privileged persons such as children, women, and rural 
population by including birth control services in maternal and child health 
programmes. The conference set the basic objective of * HEALTH FOR ALL BY 
2000 A.D.' to the World community. 


One of the most pressing population problems today is the internal migration 
from rural to urban areas. This leads to increasing pressure on urban services, 
particularly in metropolitan regions. Another problem is differentials in density 
per square kilometer and flow of people from low density to high population 
density areas. National governments cannot prevent flow of internal migrations 
from one region to another or from rural to urban area (essentially because of 
regional imbalances) except through some incentives and encouragement 
policies, as it is considered to be a constitutional privilege of the citizens. To 
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prevent this volume and directions of internal migration, therefore, the policy 
options like spatial distribution of population through suitable development 
‘strategies, tax incentives and disincentives for location of industries, subsidies 
to industries in favoured areas, investments in public enterprises, decentralization 
of government services, establishment of national capital in sparsely populated 
areas, formation of capital regions, etc. could be incorporated in population 
policies by the governments. As far as international migration 15 concerned, 
regulation through legislations could be adopted to maintain desired level of 
entry into and exist from a country. 


The two types of fertility-related population policies, pro-natalist (Ash et al, 
2002*) and anti-natalist (Birdsall et al, 2003), are adopted by the governments 
of different nations with reference to the social needs and priorities of their 
societies. Justified on the ground of high mortality rates, pro-natalist policies 
have existed since ancient times. The large numbers were equated with power 
and prosperity. Between the two World Wars, Italy, Germany, and Japan pursued 
pro-natalist policies through propaganda, cash payments, repression of birth 
control, honouring of mother-hood, regulations for emigration drives for large 
native populations, etc. to realize their expansionist motives. Today, several 
developed countries adopt these policies, though each has different motives and 
different approaches. In most of the countries, three types of approaches are 
generally adopted to have an effective pro-natalist policy. The first approach is 
to accept existing values and attitudes and eliminate or diminish economic liability 
of having children. The second is to modify norms by glorifying values relating 
to reproduction, and the third is to relax taboos on illegitimacy, though most of 
the cultures oppose this approach. 


Among the direct anti-natalist policies, provision of contraceptive services, 
organizing family planning educational programmes, etc. have remained to be 
the most popular programmes throughout the world. By the acceptance of these 
programmes, individual couples are expected to adopt family planning, reduce 
fertility at micro-level and, therefore, bring about a reduction in the birth rate. 
By the mid-seventies, almost all the countries of the world had adopted these 
methods of reducing the number and spacing of children. India was the first 
country to adopt such a policy in 1952 followed by China and Hong Kong in 
1956. Another method that is expected to control population growth rate is the 
liberalization of abortion laws. These laws bring down population growth rate 
provided medical infrastructure and health services are easily available. In most 
of the developing countries, however, these services are not adequate. Another 
policy option of raising the age at marriage, especially for women, is adopted to 
cut down on their reproductive span and thus reduce fertility. This hypothesis 


4 This book presents a collection and analysis of original policy documents, newly translated into English, 
from a key period of Chinese development, providing both a current and a retrospective analysis of 
China's economic reform efforts. Apart from other topics the book elaborately focuses on the i Er of 
the колаш strategies on population growth. 
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works only when the time of delay in marriage is utilized to provide more 
opportunities for education and employment to women that indirectly give 
maturity to these females to subscribe to the idea of voluntary parenthood. 


Apart from these direct anti-natalist policies mentioned above, there are a 
few indirect anti-natalist policies that are used to deal with the problem of rising 
population. These are: provision of incentives, disincentives, improving the status 
of women, population education, nutrition and health services for children, 
urbanizing rural communities, raising the level of social and economic 
development and so on. These indirect programmes are expected to influence 
people in a way that they start accepting direct anti-natalist policies, and the rate 
of population starts showing a downward trend. 


Section-ITi 
The Indian Experience: Problems And Prospects 


The population scenario in India is both depressing and interesting. It is 
depressing because despite its numerous programmes to contain population over 
the years, it is today the second most populous country in the world and with 
time the situation has gone from bad to worse. According to the 2001 Population 
census, the population of India stood at 1027 million comprising of about 531 
million males and about 496 million females. Presently it has touched the 1.3 
billion mark. Thus, India has become the second country in the world after China 

‘to cross the one billion mark. It is also predicted that by 2035, India will have а 
staggering population of 1.46 billion far outstripping China. Clearly all its *holistic' 
family planning policies, or reproductive and child health policies, have failed. 
It thus does not have the resources to provide so many people a decent quality 
of life. Even, Arthur Lewis's idea of transferring the surplus rural population to 
industrial centers has not worked. It neither has the capital nor a low capital- 
output ratio to generate a high rate of industrial growth. The ‘social overhead 
capital' approach to industrial development has not delivered much. There is a 
huge unskilled and malnourished workforce, not something that can conceivably 
pass off as human capital or demographic dividend. The proposition of economists ' 
like Simon Kuznets, Mahboob-ul-Haq and Amartya Sen that labour can be 
transformed into human capital through social sector investment has utterly failed 
in the context of India. The population scenario is interesting because of certain 
anomalies that characterize both the growth and scatter of population of the 
country. Some of these' are listed below: 


Despite the fact that the average annual growth rate of population has 
declined from 2.3 per cent during 1971-81 to 2.1 per cent during 1981- 
91, and has declined further to 1.93 during 1991-2001, the size of 
population has continued to increase from 361 million in 1951 to 1027 
million in 2001.As said earlier, this increase will stay to be unabated. As 
a consequence, India's second phase of transition with duration of 40 to 
50 years will get lost by 2020. According to Lee (2003), if income per 
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person of working age is unaffected, the decline in the number of 
dependents per worker would by itself raise the per capita income by 
about 22 per cent, adding 0.5 per cent per year to the per capita income 
over the given transition span. But again, rising unemployment and falling 
capital-output ratio, if not properly. and orderly taken care of, demographic 
dividend would have the tendency to shift towards demographic deficit. 


чо The inter-state disparities in demographic parameters are highly marked. 
For example, according to the 2001 Population Census, out of total 
number of 29 States and 5 Directly Administered Union Territories, the 
SIX most populous States of Bihar, Madhya Pradesh, Uttar Pradsesh, 
Maharashtra, Andhra Pradesh and West Bengal, known as the Group of 
Six States (GOSS) in demographic terminology, contribute a little more 
than 60 per cent to India’s population, while the remaining States and 
Union Territories, known as the Rest of India (ROD, contribute only 40 
per cent. There is another important facet of this disparity in demographic 
imbalance. This is linked with over population and poverty, and it very 
well exemplifies the hypothesis that, except for a few exceptions, there 
exists a positive correlation between over population and poverty. A set 
of SEVEN States, Bihar, Jharkhand, Madhya Pradseh, Chattisgarh, 
Rajasthan, Uttar Pradesh and Uttrakhand, are both over populated and 
poverty stricken, and contribute around 43 per cent to the total population 
of the country. 


m With a declining average annual exponential population growth rate, 
briefly called the. Population Growth Rate (PGR), of 1.93 per cent, and 
the Average Annual Exponential Rate of Deceleration (RED) of 1.76 per 
cent, the ROI seems to have entered into the final stage of demographic 
transition (when growth rate begins to decline), and hence it appears 
that the PGR would continue to fall further during the coming decades. 
The story of GOSS is, however, different. Its PGR was 1.90 per cent 
during 1951-61, but with the Average Annual Exponential Rate of 
Acceleration (REA) at 0.91 per cent during 1961-71, the PGR increased 
to only 2.08 per cent during this decade. During the later decades although 
the REA continued to decline, the PGR continued to rise from 2.17 per 
cent during 1971-81 to 2.24 per cent during 1981-91. This is indicative 
of the-fact that the GOSS has failed to move into the final stage of 
demographic transition and is trapped in the very initial stage. 


The population scenario in India, thus, shows that the decline of India's 
PGR from 2.3 per cent during 1971-81 to 2.1 per cent during 1981-91 has been 
essentially due to the efforts of only 40 per cent of our population residing in the 
ROI, and that the attitude of the people staying in the GOSS towards population 
control is highly disheartening and it neutralizes the positive efforts of the residents 
of ROI. - 


Despite these depressing facts, there is also a silver lining in terms of country’s 
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demographic advantage- growing population and low-age work force- which 
will keep India to ‘chalk out the most consistent growth over a 50 year period at 
an average 5 per cent. Even post 2050, India will continue to clock some of the 
highest growth rate іп the World.’ (Rajghatta, 2003B). According to another Report 
(The Times of India, 2003C) in this context, it is maintained that as India’s 
population has grown, so has its productivity and, today, the country is in a 
position to export food to other countries. It is true that many Indians are barred 
by circumstances of birth and socio-economic position from realizing their full 
potential, but for every Indian who performs below par, there is another who 
makes up. Millions of IT professionals are driving the world’s knowledge 
economy, and millions of engineering and medical professionals make up a 
huge percentage of the world’s trained scientific manpower, and millions of 
farmers keep some of the world’s biggest granaries full. In this context, the key 
world is ‘millions’. It is on the strength of India’s millions that the country can 
claim to be a great world power in the making. 


We can, therefore, say with confidence that population is not a roadblock, it 
is a resource, and it is bliss in disguise. India’s young, dynamic population is its 
biggest resource. Its surplus labour is a demographic dividend (The Times of 
India, 2004B). 


It is true that India’s efforts of controlling population have miserably failed 
in the sense that instead of reaching a goal of two children per woman, they now 
average about three to four children each. The future course of population growth 
in India will depend largely on the reproductive behaviour of the people 
particularly in the group of the Six States. The size of India’s base population 
has become so large that even a low birth rate may still lead to a phenomenal 
increase in numbers. Looking at the urgency of the problem much would depend 
on the effectiveness with which various population policy options are adopted 
and implemented. 


The problem of continuously rising population and its fallouts was well 
understood by some demographers, national leaders, and social activists in the 
country even prior to independence in 1947. It was because of this realization 
that when the First Five Year Plan was launched in the year 1951 the development 
planners gave a special focus to this issue. An official policy was, thus, framed 
and adopted to reduce population growth by promoting various family planning 
programmes. As a consequence, a population policy committee was wet up in 
1952 and subsequently a family welfare cell was created in the Directorate General 
_ of Health Services. These activities were expanded and intensified in each 

successive five-year plan. From a ‘clinical approach’ to a ‘community extension 
approach’ and then to an ‘integrated development approach’ coupled with 
incentives and disincentives, the Government went on experimenting with multi- 
pronged family planning approaches?. From 1990 onwards the country also 


5 То emphasize the voluntary nature of family planning programmes, particularly after the Excesses 
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tried to introduce a series of incentives and disincentives to promote а small 
family norm. Some of these related to community mobilization and participation 
for family welfare issues for small farmers instead of target oriented family welfare 
programmes with the main objective of reducing fertility rate, a shift from 
provider-driven approach to a demand-driven approach in respect of various 
inputs and services, increased involvement of the NGOs and private medical 
practitioners, and also increased male participation. 


Thus, all the available methods were offered to the people to enable them to 
make their own choice for the control of their fertility behavior. However, the 
progress achieved has really been slow so far essentially because of the limited 
scope of the country’s policy and weak implementing machinery at the disposal 
of the government. In fact, the birth control methods and programmes of the 
government have been taken by most of the people and majority of politician as 
an intrusion in the sensitive and private matters of individuals. In addition, some 
religious and conservative groups also strongly oppose family planning methods. 
There is a general lack of the required awareness amongst the majority of people 
about the positive side of population control, essentially at the macro level. 


Even the political leaders, termed as political entrepreneurs in the terminology 
of the New Political Economy, suffering from an extremely myopic vision of 
national interest, lack political will to effectively launch population control 
programmes. Apart from competing with each other to maximize their electoral 
support, as argued by Chadha (1997), these political entrepreneurs are also 
involved, irrespective of their political affiliation and party loyalties, in an 
unending and cut-throat inter-state rivalry in respect of the quantum of state 
representation in the two Houses of the Parliament. Each State wishes to maximize 
its representation, which according to the given Election laws, is directly 
proportional to population. Larger is the population of a given State, larger 
becomes the quantum of representation. It is for this reason that the most populous 
States of India (Bihar + Jhrakhand, Madhya Pradesh + Chattisgarh, Rajasthan, 
Uttar Pradesh + Uttrakhand, Maharashtra, Andhra Pradesh, and West Bengal) 
have the largest representation in the two Houses of Parliament. Taken together, ' 
these States account for more than 50 per cent of their representation in the two 
Houses of the Parliament in the country, and, thus, wield effective voting power 
there. None of these States would, therefore, ever permit their representation to 
be cut down at any cost, and the safest way is to adopt a lukewarm and superficial 
attitude towards any policy of population control. The inter-state rivalry of this 
nature, thus, partly explains the ineffectiveness of the population control policy 
in the country. This argument is also supported by the fact that the budgetary 
allocation for direct population control programmes in the Central and State 
budgets have been negligible over the years, and the family welfare programmes 
are substantially under funded. 


Committee during emergency, the Government at the Centre replaced the name ‘family planning’ by 
‘family welfare’ in 1977. 
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The country is, thus, placed іп serious dilemma of controlling population 
without having the required political will, and that too in a set-up which is so 
wide and diverse, and where all the efforts undertaken so far to directly restrict 
family size have shown poor results. The lesson to be learnt from this experience 
is to have a policy package, which, apart from emphasizing direct methods, 
strongly favours a number of indirect ways, which have been seen to be effective 
in other countries. Before we look at these methods, let us point to another 
difficulty, which is perhaps specific to India. This relates to differential fertility 
rates. While the highly educated people coming from the lower middle, upper 
middle and richer strata of the population, who constitute about one-third of the 
country's population, have invariably shown low and regulated fertility rates 
and adhered to small family norms. the remaining two-third people belonging to 
the lower income strata have demonstrated exceptionally higher fertility rates. Її 
is in this poverty-stricken section of the society where the population is growing 
at a very fast pace, as the vicious circle of poverty brings more children and too 
many children, in turn, lead to more poverty. This scenario augurs ill for the 
future, as the difficult task of eradicating poverty and bringing about sustainable 
development in the country would be made even more difficult in time to come. 


No one would, therefore, refute the idea that all the efforts to slow the pace 
of population expansion (both direct and indirect) and removal of poverty аге of 
crucial importance for the brighter future of the people. Ап integrated programme 
of development, poverty removal, and population control would go a long way 
in achieving this objective. 


Some of the recent studies conducted in developing countries including 
India (Bongaarts, 1994), suggests that one in six married women in these nations, 
excluding China, has an unmet need for contraception and approximately one 
in four births in unwanted. The main causes for this are illustrated as lack of 
sufficient knowledge of contraceptive methods, poor sources of their supply, 
their adverse side effects, inconvenience in their use, disapproval by husbands, 
family members and others, high cost of contraceptive devices, and limited access 
and low quality of overall family welfare services. Improvements in the quantity 
and quality of family planning programmes by adopting a multi-faceted strategy 
for addressing these problems can bring about a substantial reduction in fertility 
rates. Undesirable pregnancies can be checked through programmes if women 
are educated and given greater control over their sexual and reproductive lives. 
Improvement in the status of women by assigning them equal economic, social, 
legal and property rights and educating the people on gender equality issues will 
significantly influence reproductive behavior of couples to check phenomenal 
growth of the country's population. 


It is really disheartening to note that even after about six decades of 
independence India has utterly failed to enact any effective laws with regard to 
population control and family planning. Small countries like Switzerland and 
Philippines, and even big country like China have passed such legislations to 
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check population growth. This is а high time for the Indian government to come 
out with a comprehensive legislative measure to solve one of the most pressing 
national problems by insisting that no one from any section and stratum of society 
in the larger interest of the country shall have more than two children. Such a 
law certainly needs dedication, commitment and political courage on the part of 
the politicians and decision makers. People in general also will have to be educated 
and involved to bring about the required level of mental revolution to be ready 
to accept the law of the land to contain population. The provisions of law, in 
addition, shall have to provide for adequate incentives like free education, 
concessions in services, old age pension, insurance coverage, etc. 


The highly accelerated pace of growth in urbanization has forced big Indian 
cities becoming too large with concentration of the economic activities and 
industrial establishments. Consequently, the beneficial side effect of ‘locational 
economics’ and ‘returns to scale’ are exhausted and continued expansion of 
these concentrations is resulting in inefficient allocation of the country’s valuable 
and scarce resources. Amidst the problems of mass poverty, underemployment 
and unemployment in large parts of the country, government will have to 
immediately initiate deliberate policies of population dispersal, say, by creating 
employment opportunities all over the country and try to disperse the regional 
concentrations of high employment, economic activities and industrial complexes. 
These anti-urbanization policies should specifically be directed towards the 
encouragement of widespread small-scale enterprises, dispersal of industrial 
estates, promotion of rural industries, metropolitan and city/town planning and 
incentives to boost industrial development in backward regions. As a result of 
these programmes, it is hoped, rural urban migrations would be checked to a 
large extent and big cities would be less burdened and the population density in 
the country, in general, would have some kind of an acceptable balance. 


All the broad ranging approaches of population control illustrated above, if 
comprehensively implemented in an integrated manner, would certainly lead to 
large reductions in future growth of population in India. Both the demand and 
supply approaches of population control complement and reinforce each other. 
By increasing the levels of education, particularly women’s education, and adult 
education and bringing about gender equality, demand for children could be 
reduced or delays in child bearing and spacing can be achieved. The consciousness 
created by these programmes raises demand for contraception which, in turn, could 
be supplemented through family planning projects by increasing availability of 
contraceptives, the related information and publicity services. 


In terms of the above analysis it is clearly understood that the problem of 
population control in a country like India and the numerous solutions that have 
been indicated reflect socio-economic-medico focus. In order to tackle the 
problem effectively, it is imperative that experts in these disciplines come together 


‚ and work out a feasible and practical solution. But we must remember that the 


problem of population control is in fact a complicated problem, and looking at 
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what has gone by in India over the years іп terms of what we һауе said above, 
the way out is not that easy. Nevertheless, we must always have a positive outlook. 
In this context, we should always be guided by the famous and unique ‘Theory 
of the Second Best’® (Silberberg, 1990), the essence of which, in most general 
terms, lies in the fact that when there is a problem, there is always a solution, not 
necessarily the very best, but may be the second best, and even the last best. 
This is indeed an encouraging proposition, and this should guide the policy 
makers. Nothing 15 ever difficult, if one looks at the brighter side of the picture, 
and one is motivated by a strong will. Once the beginning is made, the end result 
shows itself in the shape of a blissful reality. Population control is not a dogmatic 
proposition, it is practically possible. 
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Abstract 

This paper uses household level data from National Sample Survey Organization (NSSO) of India, the 614 
(2004 ~ 05) round, to show that even with a significant wage incentive for schooling of urban children, the 
school drop out rate and child labour incidence are not small. The parents’ level of education plays an 
important role in reducing this tendency; thus establishing the linkage between social and human capital 
outcomes in the family. We also look at the incidence of barmful and manual occupations among the child 
labour. Mother’s education appears as the more important factor in curbing the manual work incidences; 
supporting earlier findings that women’s empowerment (one important indicator of which would be female 
educational level) is indeed becoming instrumental in increasing parental awareness. 


Key Words: School drop out, Child labour, manual work, Harmfal work, Education, NSSO, India. 


1. Introduction 


Childhood is a period of life to be devoted to education and training. Work 
done by children often jeopardizes their chances of becoming productive adults. 
In many places, including India, Pakistan, Bangladesh, Ghana and other 
countries, incidence of child labour outside the family is either rising or is 
significant and decreasing very slowly. This reflects a shift in attitude towards 
child labour itself. Initially seen mainly as a tool enabling the child to become 
socialized and acquire skills that will be useful to him or her in the future, it is now 
increasingly often seen by families as a means of supplementing their income.! 


School dropout and child labour are major problems for the modern day 
society, particularly in the developing countries. Poverty forces many children 
to work full time for their own and their families’ survival. But one can also have 
a situation where children live in communities that do not have adequate school 
facilities, so they work. In fact, many schools serving the poor are of such abysmal 
quality, or chances of improved upward mobility for graduates are so slim, that 
the expected return is not equal to the sacrifice made. The literature is replete 
with testimony of families that would like to educate their children, but either 
cannot do so, or do not feel that the inferior schools available to them merit the 
costs. While it is true that many children drop out of school because they have to 
work, it is equally true that many become so discouraged by school (because of 
the inferior quality of education provided) that they prefer to work (Ray, 2000 
and The Probe Team, 1999). These problems mean that only 68 per cent of the 
world’s children until age 11 complete primary education (International Labor 
Organization, 1996). There are several empirical studies on this. See Heady (2000), 


1 This is discussed in more detail in the excellent survey on the determinants of child labour by Brown ET. 
al. (2002) and the references cited therein. See also Das and Mukherjee (2007), henceforth referred to 
as DM. | 
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а quantitative survey for Bangladesh, focussing on the slum population of Dhaka 
city (Delap, 1998) and Grootaert and Patrinos (1998). Ray (2000, 2000a) found 
similar evidence for Ghana and Peru. 


The striking fact that its not only poverty that drives children from school to 
the child labour market is also illustrated by the National Sample Survey (NSS) 
reports showing that among the school dropouts roughly 25 percent were not in 
school because they were not interested. Among those employed in the child 
labour market, particularly for urban boys, a large proportion (~ 10%) was 
working not because they had to, but to acquire skill or spend time. 


Bourdieu (1986) introduced social capital end cultural capital to complement 
economic capital, which consists of financial, physical and natural capital. He 
describes social capital as the actual or potential resources residing in one as a 
result of the investment in social relations over the years, both conscious and 
unintended, of the individual and its family. Cultural capital on the other hand 
would encompass human capital (skill formation) and education, culture as well 
as early socialization. Both the social and cultural capital of a child’s family is 
important, albeit often disguised determinants of the returns to investment in 
education. They shape a young child’s cognitive and social development, and 
will influence the decisions of a child’s parents regarding length and quality of 
its education (Janssens, Van de Gaag and Gunning, 2004). 


Loury (1977, 1981) was one of the pioneer authors to introduce social capital 
into the economics of education. He shows how differences in socioeconomic 
background (through social stratification, racial segregation in neighborhoods, 
differences in parental education and income) determine the eventual education 
that an individual will receive. Individuals with otherwise equal initial abilities 
but living in different social contexts can end up choosing entirely different 
educational careers. Coleman (1988) popularized the concept of social capital | 
with its role in the creation of human capital. He emphasizes the importance of 
relations (in the sense of regular interaction and a cordial relationship) between 
the parents and the child for child outcomes. Heltberg and Johannesen (2002) 
found that education of the parents, especially that of the mother had a strong 
impact on human capital outcomes. See also Janssens, van de Gaag and 
Gunning (2004). NE 


The aim of this paper is to explore this linkage between parental human 
capital and children outcomes (in terms of extent of schooling, tendency to drop 
out and decision to work as child labour). In particular, we focus on urban children 
as the labour market opportunities are more diverse and may require a wider set 
of skills from them than from children in the rural sectors. Even though poverty 
is likely to be a major driving force towards school dropout апа child labour, we 
want io check if parental education and occupation structure (kind of job, manual 
or skilled, or nature of job contract) has any significant role to play. The analysis 
is done separately for the male and female children to highlight possible gender 
differences, for the time period 2004 — 05. We use the National Sample Survey 
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data base for this purpose. Тһе complexity and volume of this data makes the 
exercise technically difficult but given the high quality as well as the national 
representation, the effort is commensurate with the merit. 


The rest of the paper is organized as follows. Section 2 formulates the 
alternative hypotheses to be tested in our context and describes the data and 
methodology. The results are presented in section 3. 


2. The Statistical Hypotheses, Data and Methodology 


Based on our above discussion, it is relevant to check whether parental 
level of education is important in determining the dropout or schooling decision 
for the child. Prior to this, we should also check whether formal education actually 
helps in the job market or not. This is done in DM who provides strong evidence 
for such a linkage in the adult and child labour market. 


We now come to the primary question of the paper; that of the role of 
parental education in dropout or work decisions for the child. The relevant 
hypotheses are: Ў 


Нал: parental education levels do not influence dropout decision for the 
child. 


Нв: parental education levels do not influence the decision to employ the 
child in the labour market. 


Secondly, for the incidence of manual and harmful child labour, we.formulate 
the following hypotheses: 


H,,: parental education levels do not influence the decision to employ the 
child in manual work. 


Н: parental education levels do not influence the decision to employ the 
child in harmful work. 


We formulate the relevant regression equations and the results are discussed 
in section 3. 

Data: The present study focuses on urban children, as the incentives for 
education would be stronger for them in the recent years when the workforce is 
being progressively introduced to new products, skills and opportunities. As 
mentioned earlier we use the household level data collected and made available 
by National Sample Survey Organization (NSSO) for the 61* large sample round 
conducted during 2004 — 05 on employment and unemployment situation in 
India. Some important concepts and definitions followed in this study are 
described below. 


The sample: The seventh quinquennial survey on employment and 
unemployment was conducted in the 61st round of NSS during July, 2004 to 
June, 2005. As usual, the survey period of this round was divided into four sub- 
rounds, each with duration of three months. An equal number of sample villages/ 
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blocks (fsus) were allotted for survey іп each of these four sub-rounds. At the 
all-India level, a total number of 12788 fsus (8128 villages and 4660 urban 
blocks) was allocated for the survey. The uliimate stage units are households at 
the subsequent stage. 


Activity status: NSSO used three approsches for classification of the activity 
statuses of the person surveyed. These are: 


(i) Number of persons usually employed - usually employed in the principal 
status and all workers taking into account the employed according to both the 
principal and subsidiary statuses, 


(ii) The average number of persons employed in a week based on the current 
weekly status and 


(iii) The average number of persons-days employed per day. 


Of the three approaches, the usual principal status approach is best suited as 
a measure of the economic activity in an economy with seasonal fluctuations in 
the employment. This is because, in this approach the criteria used is the pattern 
of activities followed by the person for a relatively long period of time (NSSO, 
2001). In our present study we considered only those urban male and female 
children usually employed in the principal status and termed them as labourers. 


Household size: According to NSS (NSSO, 2001) the number of normally 
resident members of a household is its size. It will include temporary stay-away 
but exclude temporary visitors and guests. In deciding the composition of a 
household, more emphasis is placed on ‘normally living together’ than on 
*ordinarily taking food from a common kitchen'. 


Father's/mother's education: Adult education has been categorized as 
below: 


a) not literate 0; 

b) literate but below primary 1; 
c) primary and middle 2; 

d) secondary 3; 

e) higher secondary 4; 

f) graduate and above 5. 


Informal enterprises: All enterprises with type of ownership as either 
*proprietary' and 'partnership' have been treated by NSS (NSSO, 2001) as 
informal enterprises in the present survey. 


Father's occupation: Only two categories of occupation have been 
considered. One category represents those who work in household enterprise 
(self employed) or own account worker, employer or work as regular salaried/ 
wage employee. An own account enterprise is an undertaking run by household 
labour, usually without any hired worker employed on a ‘fairly regular basis’. 
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‚ By Чашу regular basis' it is meant that the major part of the period of operation(s) 
of the enterprise during the last 365 days (NSS, 2001). Another category is if 
other than these specified cases. 


Child education: Child education has been categorized as below, 
а) not literate 0; 

b) literate but below primary 1; 

c) primary 2; 

d) above primary 3. 


Dropout: Dropout child has been defined as who ever attended but 
discontinued studies to supplement household income or other reasons; or 
dropped out for similar reasons. 


Chiid labour incidence: In NSS data relationships between family members 
can only be identified using the information regarding 'relation to head'. Due to 
incomplete information child labour incidence for only following two cases could 
be considered: 1) head of the household is father with living spouse; and 2) head 
of the household is grand father with only one son or one daughter with his or 
her spouse alive. As a result only 374 (out of 495) observations having child 
labour incidence and 18241 (out of 22106) observations having no such incidence 
could be considered for boys. Similar data loss has also occurred for the girls. Tt 
is worth mentioning here that filtering through these conditions not only reduces 
the sample size but may bias our results also. The family composition may be 
related to child labour decision. 


Manual Work: According to National Classification of Occupations 1968 
(NSSO, 2001), manual work is a work which essentially involves physical 
operations. However, jobs essentially involving physical labour but also requiring 
a certain level of general, professional, scientific or technical education is not to 
be termed as manual work. On the other hand, jobs not involving much of manual 
labour but at the same time nor requiring much educational background either 
are to be treated as manual work. Thus, engineers, doctors, dentists, midwives 
etc. are not considered as manual workers even though their jobs involve some 
amount of physical labour. But peons, chowkidars, watchmen etc. are considered 
. as manual workers even though their work may not involve much physical labour. 


Harmful work: The identification of harmful work was due to the list of 
state prohibited occupations prepared by the New York State Department of 
Labour. Effort was to make a one to one matching of these listed occupations 
with those of 5-digit National Industrial Classifications 2004, prepared by the 
Central Statistical Organization of India, though in few cases some subjective 
decisions were unavoidable. 


Other variables: М 


Other variables-used in our analysis are average monthly per capita 
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expenditure as proxy for per capita income and dummies for caste (general and 
scheduled) and religion (Hindu and Islam). 


Model Specification 


We now discuss the testing of hypotheses H,, and H,,. For the binary 
dependent variables drop out and child labour incidence, we use the following 
probit model: 


P(Y, = 1) = а + flhhsize + В.МРСЕ + у СС + у,5С + y,Hindu + удмат + 
O,fgedu + dyngedu + дајоси + € а) 


where, 

hhsize = household size; 

MPCE = average monthly per capita expenditure; 
GC = indicator or dummy variable for general caste; 
SC = indicator or dummy variable for schedule caste; 
mgedu = mother’s education; 

focu = father’s occupation; 


a, В’5, у з and д’5 are the parameters of the model and є is the random noise 
term. 


Y, = 1, in case of occurence of school drop out incidence; 0 otherwise. 
Y, = 1 in case of occurence of child labour incidence; 0 otherwise. 


This model uses observations including both child labour and child non- 
labour for the two rounds. | 

Hypotheses H,, and Н, now become Hj, Hip: б; = д, = 0 for the relevant 
equations. 

Regarding the hyupotheses H,, and Њу, the manual and harmful child labour 
incidences are modeled as, 

P(Y, = 1) = a + B,hhsize + B,MPCE + y,GC + у,5С + y,Hindu + удчат + 
ô fgedu + дутреди + Ó,focu + y,chwage + n,chedu + в `2) 

where 15 аге additional parameters for two additional explanatory variables, 
namely, child’s wage and child’s education. 

У, = 1, if child occupation is manual; 0 otherwise 

Y, = 1 if child occupation is harmful; 0 otherwise. 

Now the observations are restricted tc the observations with child labour 
only, in both rounds. 


Hypotheses H,, and Н, now become H5, Н»: д, = д, = 0 for the relevant 
equations. 
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3. Тће Results 


We start our empirical analysis by noting a few descriptive statistics as salient 
features of the urban child labour market in table 1. An estimated 2.2 percent of 
the urban boys aged 5-14 worked as labourers in 2004 - 05, in different industries 
in urban India against wages. The estimated number for all India urban boys 
was about 5.6 Lac. Looking at the girl workers, the percentage of working girls 
is 1.21. The estimated number in the population is 2.9 lac. 


Table 1: Number of Children in the Age Group of 5 to 14, Ali India Urban, 2004 — 05 


[CC [абы | шалы | 
Fenul Female 
455 25 


Next we look at the education level of parents and their income (МРСЕ) Юг 
relevant segments of the child population in table 2. Note that average education 
for the parents of children in the labour market are markedly lower than for 
those who are not working giving casual evidence in favour of the fact that 
education plays a role in child labour reduction. But as the income is lower for 
the families with child labour also, one needs to explore the cause and effect 
relationship more closely. 


Table 2: Average Education and MPCE of Sample Households 






Characteristic Child Worker | Child not working i Child not working 
(374) (18241) "| (16827) 
(2.01%) 99%) (98.96%) 


(97 
Average Education | 0.65 2.34 
of Father (0.90) (1.65) 


1.68 1.63 
(1.57) (1.57) 
834.23 468.90 798.98 
(904.23) (183.68) (1086.41) 


We have found 215 cases of manual and 63 cases of harmful child labour 
incidence for the boys. The corresponding figures for the girls reveal that they 
are less involved in harmful work. The average education levels of parents and 
the children are reported separately in Table 3. It is surprising to note that the 
average education of the parents and the child is higher in case he is in a harmful 
occupation. The wage incentive for manual and harmful work for the boys is 
evident from the child wage figures. Also, the parents’ need to send the children 
to such hazardous occupations is also borne out from the MPCE figures. Only 
exception is for the boys, where the richer parents seem to prefer to send the 





(Standard Deviation in Parenthesis) 
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children to harmful work. 


Table 3: Educational, Economic and Occupational Background of Sample Households 
with Child Worker 


Catergory Average Average Average Child 

2 Education} Education| Education Wage 

of Father of Mother | of Self 

Male child worker 
Manual (215) 0.64 0.28 0.98 451.27 224.25 
(57.49%) (0.86) (0.66) (0.93) (153.68) | (135.86) 
Non-Manual (159) | 0.68 0.86 0.34 490.92 225.05 
(42.51%) (0.98) (0.35) (0.72) (206.24) | (117.42) 
Total (374) 0.65 0.31 0.91 468.13 224.63 
(100%) (0.91) (0.69) (0.94) (178.75) | (128.32) 
Harmful (63) 0.78 0.40 1.06 488.14 247.56 
(83.15%) (0.91) (0.73) (0.93) (150.56) | (119.82) 
















Harmless (311) 0.62 0.29 0.88 464.07 219.98 
(16.84%) (0,91) (0.68) (0.94) (183.92) | (129.67) 
Total (374) 0.65 0.31 0.91 468.13 224.63 
(100%) (0.91) (0.69) (0.94) (178.75) (128.32) 











Female child worker 

(83.62%) (1.09) - (0.48) (0.74) (142,34) (81.11) 

(16.38%) (1.40) (0.44) (1.08) (296.07) (90.98) 
(100%) (1.14) (0.80) (0.96) (183.68) (84.58) 


Table 4 below presents the distribution of education level among working children 
in the urban sector. It is starkly evident that the drop out phenomenon is sharply 
increasing with schooling level. This is a disturbing fact, more so because there 
exists substantial premium for education in the labour market for both adult and 
child, as reported in DM. 


Table 4: Level of Education among Child Labour (frequency, percentage) 


[education levai | Male Female | | 
[о ____|е pa | 16 ав 

| ев | 49 [в 
ПЕВ ЕР [эм [в [зв 


In this paper we would like to explore the role of parental education in exploring 
and improving the child’s human capital scenario in the face of a changing social 
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pattern and economic opportunities. It is traditionally believed that father’s 
education level plays a major role in decision making at the household level. 
Thus, it is expected that in case of child schooling or labour decision, father’s 
education will be a significant explanatory variable. Also, stability of father’s 
income should play a major role in deciding whether a child continues schooling 
or drops out and possibly joins the child labour market. So this is included in our 
set of explanatory variables. Our primary focus is on whether the mother’s 
education level (as a proxy for her voice in household decision making) plays 
any role in these decisions. So, a significant coefficient of mother’s education in 
the presence of the other variables would indicate the significance of an educated 
mother’s role in these decisions. 


Drop out and child labour incidence 


Regression output presented in Tables 5 and 6 show patterns similar to that 
observed in Table 2 with respect to father and mother’s education, both turning 
out to be significant with the intuitively expected sign. This establishes the 
hypothesis that mother’s education, even in the presence of father’s education as 
a predictor variable, has a significant contribution to the decisions in these 
respects. The effect of father’s occupation is more interesting. Only for boys it 
shows a positive significant effect. Overall it seems that focu either do not influence 
these decisions much, over and above the effect of parental education levels, or 
it also has an ameliorating effect on drop out and child labour incidences. 


As expected, MPCE and household size has a strong impact on drop out 
and child labour incidence. But what is encouraging is that the education variables 
also have influence on these, even in the presence of MPCE as an explanatory 
variable. Being a scheduled caste reduces the drop out and child labour incidence 
in a weakly significant sense in some cases. General caste is less involved in 
child labour. Among the Muslims, both school drop out and child labour incidence 
are significantly higher. 


Harmful and Manual child labour incidence 


For analysing both harmful and manual child labour incidence, child wage 
and child education are also used as explanatory variables. We have replaced 
the missing values (there are some non-reporting) for child wage by the industry 
specific average (according to the NIC industry code). In the regression analysis 
for manual and harmful child labour incidence some of the explanatory variables 
turned out to be non-significant in both the cases. Thus we have dropped these, 
namely SC, Hindu, FGEDU and FOCU, from the final model presented. The 
results are reported in Tables 7 and 8. 


For the manual work case, the overall fit is generally good. Household size 
turns out to have a weak positive effect on manual work incidence for the girls 
even though it is not significant for the boys. This is possibly because girls are 
usually assigned more household work and this incidence will be higher for 


(1155544 
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larger families. MPCE has the expected negative relationship in the cases where 
it is (at least weakly) significant. Surprisingly, father's education is insignificant. 
On the other hand, focu has emerged as an emeliorating factor for manual work. 


Another surprising finding is the positive sign of the треди coefficient for 
the girls. Child's educational level has a positive and weakly significant coefficient 
in the manual occupations. This positive sign may be due to a perception of 
better future prospect from the child's point of view. Though this work is manual, 
this sector may be more productive or has a larger supply of jobs. A further 
support to girls working more at home, and hence in non-wage activities, is in 
the negative relationship between chwage and manual work incidence for girls 
in both rounds. 


For the harmful work case, we have not analyzed the girls’ case as the 
incidences are too low. The goodness of fit is very poor and only household size 
turns out to be significant (negative). 


To summarise, we show that school drop out rate (1.5596) and child labour 
incidence (1.7%) 15 not too small?. The parents’ level of education plays ап 
important role in reducing this tendency; thus establishing the linkage between 
social and human capital outcomes in the family. We also look at the incidence 
of harmful and manual occupations among the child labour. Father's education 
now appears as the more important factor in curbing these incidences. Our study 
emphasizes the importance of government policy making towards enhancing 
the quality of schooling and enforcing school attendance. Importance of adult 
education programme is also not small. 
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Table 5: Drop out incidence 
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Table 7: Manual work (only significant variables) 
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Table 8: Harmful work (only significant variables) 
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Abstract 

This paper attempts to estimate the incidence of poverty for ten major Indian states using consumer expenditure 
survey data generated by NSS 55* Round (1999-2000). Instead of the standard money metric approach the 
poverty line is defined here following a newly developed method, viz, capability measure suggested by the 
International Poverty Centre (2006). Ali the standard income poverty measures are estimated in terms of this 
norm апа are compared and contrasted with the ones obtained from the money metric norom. 


1. Introduction: 


Hundreds of millions of Indians are poor by national and international 
standard. Indian policymaking and policies are dominated by discussion of 
poverty, and measure of poverty rightly attracted a great deal of attention in this 
debate. If poverty is defined as the inability to attain the minimum standard of 
life then the basic query centers around the definition of "standard of life" itself. 
The minimum calorie requirement for mere physical survival would undoubtedly 
dominate the fundamental poverty measure. However, the question is whether 
one should stop there or would extend the provision of other basic amenities 
(like shelter, clothing, etc.) in the definition to guarantee a minimum standard of 
living or not. Initially the measurement was solely dealing with income poverty, 
i.e., the minimum required income to ensure the minimum (decent) standard of 
living, and later the importance of incorporation of non-income dimensions of 
poverty was gradually appreciated. Consequently the concept of human poverty 
emerged. The transition from income to human poverty was greatly influenced 
by the concept of "capability". It was recognized that not only the assurance of 
physical survival but the guarantee of minimum social dignity and status is what 
need to be protected. This approach eventually treats poverty as not merely a 
denial of human right at a personal level but an incidence of a serious social failure. 


There is no disagreement over the position that poverty is a social shame 
and should be immediately eradicated, however, problem is faced in identifying 
the poor in terms of precise quantitative measures. While income poverty defines 
a clear cut poverty line (in terms of minimum required annual income per person) 
that works as a benchmark to demarcate the poor from the non-poor, the human 
poverty can only come up with an assessment of the proportion of deprived 
population in any particular region. For all practical purposes one has to come 
up with a comprehensive income measure that should incorporate both the 
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personal and the regional dimensions of deprivation. A first step towards that 
would be the incorporation of other dimensions of food consumption in the 
definition of poverty line itself. In this paper an attempt is made to assess the 
inter-state variations in Indian poverty scenario in terms of one such 
comprehensive measure known as capability measure. 


2. Organization of the paper: 


This Paper concentrates on the estimation of state-level poverty for ten 
selected states of India using capability based approach. The steps adopted for 
this purpose may be described as follows: 


® Estimation of India’s poverty line (rural and urban separately) with 
capability based approach using nutritional intake data of NSSO for the 
year 1999-2000; 


€ Calculation of the extent, incidence and rank of rural and urban poverty 
for ten major states of India using both capability based poverty line and 
other standard income poverty indices; 


e Estimation and ranking of overall state level poverty using population 
weighted average of rural and urban poverty levels; 


e Finally, the calculation of rank correlation between capability-based 
poverty indices and traditional income poverty indices for these states to 
understand the common-ness. 


3. Capability Approach: The Concept 


The traditional methodology of making poverty line is very simple. It 
considers only the cost of minimum caloric intake of a person. This means a 
person, whose income or per capita daily consumption expenditure is not enough 
to meet a certain minimum requirement of calorie intake, will be considered as a 
poor. This was the basic concept of income based poverty line. However, under 
the new concept of poverty a person is considered as poor if he is incapable to 
achieve the minimum necessities of life. That means only caloric insufficiency 
is not the ideal demarcation point of poor and non-poor, the other dimensions of 
incapability should allow playing their role. These associated dimensions include 
needs like shelter, clothing, care services, etc. If we talk about the minimum 
capability alone even then besides calorie intake one needs to account for the 
consumption of protein, fat, micronutrients, fiber etc. To define capability based 
poverty line other dimensions of capabilities should also taken care of. The 
characteristic of nutritional capabilities are easer to identify from consumer 
expenditure survey data provided by the NSSO. The preference function of the 
individual is implicitly assumed to be homothetic, which make the expenditure 
on nutritional capability and other capabilities equi-proportional. This assumption 
implies the calculation of the CBPL drastically. That means if a persons wants to 
achieve higher living standard through capability set he must raise his expenditure 
on both nutritional in-take others capabilities in a fixed proportion. Therefore in 
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а capability space the minimum required achievement set is an L-shaped contour 
[Reddy S. Visaria S. And Asali M. (2006)] 


Unlike calorie intake the other capability is difficult to quantify. Hence, one 
concentrates on more directly measurable characteristics like food energy, fats, 
protein, fiber, micro-nutrients and so on, on which the capability depends. This 
shifts our concentration from capability space to characteristic space. The 
characteristic space considers the two major elements one is food energy and 
another is other characteristic. The first element is measured in terms of caloric 
intake from cereals consumption and other ckaracteristic is measured from total 
consumption other than food such as protein, fat, micronutrients and fiber. When 
the threshold level of calorie intake is guaranteed to improve the overall quality of 
being substitution is allowed among different components of the characteristic set. 
However, below this threshold level no such substitution is allowed (see panel-1). 


Panel - 1 
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To overcome this problem the researchers have tried to focus оп the food 
energy intake of individuals to anchor poverty line to a caloric adequacy threshold. 
This threshold is defined as 2100 kilocalorie (kcl) per day. A person with caloric 
intake larger than 2100 kcl enjoys a trade-off between the food energy and other 
characteristics to maintain the same contour level of adequacy set. However, if 
he has less than 2100 Кс! then the substitution is not possible within the 
characteristic space. Therefore 2100 kcl consumption per day is assumed to 
ensure that the relevant person is enjoying not only the minimum required food 
energy but the other characteristic as well. That means if a persons is not able to 
attain 2100 Кс! food energy he is considered unable to attain other non-food 
characteristics or incapable to enjoy the basic needs of human life. 


To estimate the poverty line with this approach it is required to divide the 
per-capita consumption expenditure of entire population in different quintile. 
Now take that specific quintile where average per capita per day food energy 
intake is 2100 kcl. Name this quintile class as norm quintile class. Considerer 
the previous quintile class as a reference quintile class of the norm quintile class. 
Then calculate the average per capita per day caloric intake of that reference 
class. Suppose the per capita per day caloric intake of this class is x percent less 
than the norm class. Calculate the extra income required to lift up this reference 
classes from its original position to norm class, The equi-propotional assumption 
told us that the x percent.extra expenditure is required for acquiring the food 
energy and also x percent extra non-food expenditure for accruing the nonfood 
characteristics to reach the norm class. That means a linear scaling up is required 
not only for food expenditure but for nonfood expenditure as well. Adding and 
aggregating the extra amount of food expenditure with original food expenditure 
and the non food expenditure with extra amount of nonfood expenditure of 
reference class we will get the countries poverty line. This amount of expenditure 
shows the minimum cost of achieving the minimum level of food éxpenditure 
along with the minimum level of nonfood consumption. Therefore this poverty 
line is called the aggregate poverty line or capability based poverty line and 
shows the minimum requirement of persons to acquire the basic necessity of 
life. The example of the construction of poverty line in Vietnam will give a 
concrete picture of this methodology. This approach is useful because we do not 
have sufficient information to estimate directly the cost of achieving nonfood 
capabilities considered essential for an individual’s survival. 


4. Poverty Line in India Using Capability Measure: 


This section describes poverty line on the basis of capability based approach 
in Indian context considering the methodology of Vietnam VLSS. To make the 
Indian capability based poverty line we have used the most usable secondary 
NSSO (National Sample Survey Organization) data of Nutritional Intake of period 
July 1999 - June 2000. Неге we have made some adjustment to the original 
Vietnam technique to build Indian capability based poverty line. First of all due 
to the wide disparity in cost of living of rural and urban India and due to the 
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unavailability of suitable regional price indices we have constructed two separate 
poverty lines with the basis of rural and urban nutritional intake data in India 
and called them rural and urban capability based poverty lines. The second change 
that we have introduced is an equiproportional change on the basis of caloric 
expenditure shortfall data instead of caloric shortfall of reference class from the 
norm class. In our technique we have increased reference class food and nonfood 
expenditure on that proportion which is exactly the shortfall of caloric expenditure 
of reference class from the norm class. We have introduced some minor 
differences in assessment-technique for making it consistent with our available 
data structure. The third change that we have made which is the consideration of 
different norm calorie instead of 2100 kcl in different regions (rural and urban) 
due to unavailability of exact expenditure data of 2100 kcl. In Vietnam the VLSS 
data was used at unit level and our secondary NSSO Nutritional Intake data were 
utilized in a size-classed format. Now, we would like to describe the technique of 
derivation of rural and urban poverty line to clarify the differences and adjustments. 


e Methodology of rural poverty line setting in India using NSSO (1999-2000) 
data: 


NSSO reports the data on MPCE class (Rs), percentage of food expenditure 
of total expenditure, per capita per diem intake of calorie (Ксі) and the average 
monthly per capita expenditure (Rs). According to the capability approach the 
norm intake of calorie is 2100 kcl. But due to the non availability of particular 
data I have considered 2054 kcl as the norm caloric intake for rural India. 
Therefore sixth MPCE class is considered as the norm class of rural India. In this 
group the expenditure share for food consumption is 6496. Now the average 
monthly per capita expenditure of this group is Rs. 399.90. Therefore the daily 
per capita expenditure is Rs. (399.90/30) = 13.33. So the daily expenditure on 
food of this group is Rs. (13.33 * 0.64) = 8.53. Now I have considered the fifth 
MPCE class which is the previous class of the norm class. Appling the same 
technique I have seen that the daily per capita expenditure of this class is Rs. 

: 12.03. The daily per capita expenditure for food is Rs. (12.03 * 0.65) = 7.82. So 
the daily nonfood expenditure is Rs. (12.03 — 7.82) = 4.21. Therefore the amount 
of the expenditure of the food of this class is ((8.53 — 7.82) / 7.82) = 0.091 times 
less than norm group. Therefore according to the capability based approach the 
fifth class needs 0.091 times more expenditure for food consumption and also 
0.091 times more expenditure for nonfood consumption ( due to the assumption 
of same proportion complementarities between food and nonfood items) to reach 
the minimum attainable capability. To attain the minimum capability the required 
per capita per day expenditure is Rs. [7.80 + (7.82*0.091) + 4.21 + (4.21*0.091)] 
= 13.12. So in terns of 30 days it will be Rs. (13.12 * 30) = 393.60. So the 
calculated rural poverty line in India is Rs. 393.60 per capita per month. 


9 Methodology of urban poverty line setting in India using NSSO (1999-2000) 
data: 


NSSO reports data on MPCE class (Rs), percentage of food expenditure of 
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total expenditure, per capita рег diem intake of calorie (Кс!) and the average 
monthly per capita expenditure (Rs). According to the capability approach the 
norm intake of calorie is 2100 kc]. But due to the non availability of particular 
data I have considered 2091 kcl is the norm caloric intake in urban India. 
Therefore sixth MPCE class is considered as the norm class of urban India. In 
this group the expenditure share for food consumption is 56%. Now the average 
monthly per capita expenditure of this group is Rs. 618.61. Therefore the daily 
per capita expenditure is Rs. (618.61/30) = 20.62. So the daily expenditure on 
food of this group is Rs. (20.62 * 0.56) = 11.54. Now I have considered the fifth 
MPCE class which is the previous class of the norm class. Appling the same 
technique I have seen that the daily per capita expenditure of this class is Rs. 
17.91. The daily per capita expenditure for food is Rs. (17.91 * 0.58) = 10.39. 
So the daily nonfood expenditure is Rs. (17.91 – 10.39) = 7.52. Therefore the 
amount of the expenditure of the food of this class is {(11.54 – 10.39) / 10.39} 
= 0.111 times less than norm group. Therefore according to the capability based 
approach the fifth class needs 0.111 times more expenditure for food consumption 
and also 0.111 times more expenditure for nonfood consumption ( due to the 
assumption of same proportion complementarities between food and nonfood 
items) to reach the minimum attainable capability. To attain the minimum 
capability the required per capita per day expenditure is Rs. [17.91 4 
(17.91*0.111) + 7.52 + (7.52*0.111)] = 28.25. So in terns of 30 days it will be 
Rs. (28.25 * 30) = 847.50. So the calculated urban poverty line in India is Rs. 
847.50 per capita per month. 


The striking feature of this estimate is that the urban poverty line is almost 
double valued than the rural poverty line. The ratio between the urban and rural 
poverty line in case of capability based approach is 2.15. However, according to 
the traditional methodology, the state by state urban and rural poverty line 
calculated independently without consideration of the implicit urban to rural 
price differential, the average ratio of urban to rural poverty line is around 1.4 
and varies widely across states. In the NSS 50* Round (1993/94) it is more than 
1.7 in Andhra Pradesh aud nearly as much in Maharastra, Madhya Pradesh and 
Karnataka, but less than unity in Assam (Deaton & Kozel, 2005). One plausible 
explanation for the disproportionate increase in urban poverty line in case of 
capability measure may lie in the fact that other non-food items are more costly 
in urban areas accounting for the higher cost of living. 


5. Poverty Estimates and NSSO-data: 


, Неге we have estimated Head Count Ratio (Hg), Normalized Poverty Gap 

(NPG), Gini Index of Poor (Gp), Sen Index of Poverty (Ps), FGT Measures of 
Poverty and Squared Poverty Gap (SPG) separately for rural and urbau areas in 
each state. Then we have considered the population weighted average of rural 
and urban indices to measure the state poverty level. The estimation procedure 
is illustrated taking the state of West Bengal as an example. 
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Estimation of Poverty т West Bengal: 


Here we have discussed how we estimate the level of poverty in West Bengal 
using capability based measure with Nutritional Intake Data (1999/2000) of 
NSSO. First we have estimated rural poverty then urban poverty in West Bengal 
and finally considered the population weighted average of each sectors poverty 
level to estimate the state level poverty. 


Estimation of Rural Poverty in West Bengal: 


To estimate rural poverty in West Bengal using our available data, the 
following steps are followed: ы 


@ The Estimation of Average. Monthly Expenditure of Various MPCE Classes 
In Rural West Bengal from Nutritional Intake Data (1999/2000): 


Majumder (2006) has shown that Rs. 8.53 is required for consuming 2054 
kel. Rs. 0.00415 is the amount of required expenditure for getting 1 Кс] in rural 
India. Considering the first MPCE classes of table 1В (from NSSO 55* Round 
Nutritional Intake In India) we will get the caloric consumption of the class is 
1309 kcl. So the amount of expenditure of this class for caloric consumption is 
Rs. (0.00415 * 1309 ) = 5.43235. This amount of expenditure is only 71% of 
total average per capita per day expenditure of this class. So the total average 
per capita per day expenditure of this class is Rs. (5.43235/0.71) = 7.651197183. 
Therefore the average monthly total pre capita expenditure of this class in rural 
West Bengal is Rs. (7.651197183 * 30) = 229.5359115 = 229.54. Applying this 
methodology, table 1 estimates all classes' average monthly per capita expenditure 
in rural West Bengal. 


e Estimation of Number of Persons Belonging to Different MPCE Classes In 
Rural West Bengal: 


Considering table 5R (from NSSO 55% Round Nutritional Intake in India) 
we can estimate the sample proportion of people living in different MPCE classes 
in rural West Bengal. If we assume the sample to be representative then sample 
proportions will be the best estimates of the population proportions. Then the 
population strength of different MPCE class can be obtained by multiplying the 
sample proportion with total no of rural population in West Bengal. According 
to the census 2001 the total number of rural population in West Bengal is 
57748946. In кабіе! column 6 shows the number of population for each class. 


Estimation of Urban Poverty In West Bengal: 


To estimate urban poverty in West Bengal using our available data, the 
following steps are followed: 


о The Estimation of Average Monthly Expenditure of Various МЕСЕ Classes 
in Urban West Bengal From Nutritional Intake Data (1999/2000): 


From Majumder (op.cit.) we have seen that Rs. 11.54 is required for 
consuming 2091 kcl. Rs. 0.00552 is the amount of required expenditure for 
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getting 1 kcl in rural India. Considering the first МРСЕ classes of table 10 (from 
NSSO 55" Round Nutritional Intake In India) we will get the caloric consumption 
of the class is 1352 kcl. So the amount of expenditure of this class for caloric 
consumption is Rs. (0.00552 * 1352 ) = 7.46304. This amount of expenditure is 
only 68% of total average per capita per day expenditure of this class. So the 
total average per capita per day expenditure of this class is Rs. (7.46304/0.68) = 
10.97506. Therefore the average monthly total pre capita expenditure of this 
class in rural West Bengal is Rs. (10.97506 * 30) = 329.2518 = 329.25. Applying 
this methodology, table 2 estimates all classes’ average monthly per capita 
expenditure in urban West Bengal. 


© Estimation of Number of Persons in Different MPCE Classes in Urban West 
Bengal: 


Considering the table 5U (from NSSO 55" Round Nutritional Intake in India) 
we can estimate the sample proportion of people live different MPCE classes in 
urban West Bengal. If we assume the sample to be representative then sample 
proportions will be the best estimates of the population proportions. Then the 
population strength of different MPCE class can be obtained by multiplying the 
sample proportion with total number of urban population in West Bengal. 
According to the census 2001 the total number of urban population in West 
Bengal is 22427251. In table 2 column 6 shows the number of population of 
each class. Е 


Table 3 presents the poverty estimates for West Bengal аз a whole. 
Note : 


Number of people below poverty line (H) 
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е То estimate the state level poverty we have considered the population pr 
oportion weighted average of all poverty indices (rural and urban)? that we have 
estimated. According to the census 2001 the population proportion of rural and 
urban West Bengal is 72% and 28%. 


6. Assessment of Poverty of Ten Major States in India by Capability Measure: 


In this section the methodology explained for the state of west Bengal has 
been applied in the context of nine other major Indian states where data were 
available separately for both rural and urban areas. Two major states like Assam 
and Gujarat could not be incorporated as data on urban areas were missing there. 
The included states are Andhra Pradesh (AP), Bihar (BIH), Karnataka (KAR), 
Madhya Pradesh (MP), Maharastra (MAH), Orissa (ORI), Rajastan (RAJ), Tamil 
Nadu (TN), Utter Pradesh (UP). 


Table 4 and 5 present the estimated values and ranks of state-level poverty 
for all ten selected states and India as a whole. Here the state-level HPI (obtained 
from Shariff, 1999) is also reported to facilitate comparison. A few interesting 
observations are in order: (a) though in Rural WB there was a significant difference 
in the Н. based poverty rank and the ЕСТ based rank, in all-WB level this 
difference is almost absent. Similar is the story for TN where in urban area the 
H, based rank differed substantially from the FGT based rank. This apparent 
paradox can be resolved in terms of smoothing through aggregation procedure. 
(b) The ranks of the states in terms of HPI are not in general similar to those in 
terms of H, or FGT. A plausible explanation may be extended as follows: weak 
rank correlation between H, and FGT suggests a wide variation in the intra-poor 
distribution of income. Now, intra-poor distribution can vary provided there аге 
some occupational variations. These occupational variations may take place 
depending on the availability of infrastructural provisions. Since, HPI is sensitive 
to infrastructural provisions, hence, a weak correlation between FGT and HPI 
may not be unexpected. The figures in Table 6 confirm our hunch. 


As expected the poverty estimates obtained on the basis of Capability 
Measures are generally higher than those suggested by both the Planning 
Commission Expert Group and the NCAER studies based on standard money 
metric approach. The following section of this chapter will present a comparison 

-of these alternative estimates. 


7. Сотрагацує Analysis: 


In this section we һауе made а comparative analysis of our poverty measures 
and the traditionally calculated measures based on standard money metric 


2 Basically Headcount and FGT measures hold the decomposable property, i.e., only for these two 
formulae total poverty can be decomposed between rural and urban poverty, or, by implication rural and 
urban poverty can be combined to assess the total poverty of the state. However, to estimate state level 
poverty here we have implicitly assumed that this property holds in case of all poverty indices (sce 
Bhattacharya and Соопдоо). 
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approach reported іп table -7 following NCAER study (1999), If we compare 
table -6 and table -7 then a few interesting observations come up. 


Though the state of AP enjoys the best status in terms of conventional poverty 
measures the rank changes to 9 out of 10 when the poverty line is re-defined 
following the capability approach. The opposite happens in case of ORI and UP. 
These sharp but diametrically opposite responses in rank following the inclusion 
of other characteristics in the specification of poverty line call for an intent 
attention. Using the NSSO 55% Round data on rural West Bengal it has been 
shown by Coondoo (2004) that the inter-decile differences in the consumption 
of Protein and Fat are more unequal compared to that of Calorie. So, the inclusion 
of these other nutrients in the calculation of poverty level would affect the 
incidence level of poverty substantially. 


Table 7 shows negative rank correlation among all the measures of poverty 
estimated by following two alternative definitions of poverty line. The absolute 
value of the correlation is the lowest for H, and the highest for БОТ. This indicates 
the increasing sensitivity of the measures with respect to the line change as the 
comprehensiveness of the measure increases. 


8. Conclusion: 


Estimation of India's poverty line in terms of capability approach showed 
Rs. 393.60 per capita per month in Rural India at 1999-2000 prices and the 
corresponding estimate for Urban India is Rs. 847.50. Thus, the urban minimum 
requirement is more than doubly expensive than its rural counterpart. This is not 
only because the urban price index is higher than the rural but the minimum 
requirement in urban itself is very much different from the rural one. When the 
line is defined in terms of the standard money-metric approach then the range of 
variation between rural and urban areas across Indian states lies between 0.5 to 
1.7. However, the incorporation of other food consumption like fat, protein etc. 
caused aggravation of this difference and the incidence of poverty increased 
consequently. 


Though now the base is higher with capability approach, the relative spread 
is lower, and, therefore, the Gini for poor under capability approach is consistently 
lower than that of the standard money metric approach. Analysis of rank 
correlation among all the poverty measures shows that the rank correlations 
between FGT and all other poverty measures for both rural and urban India are 
comparatively strong, the exception being Н, where it is abysmally low. This 
low correlation with Hg suggests the wide variation in the pattern of intra-poor 
income distribution across states. 


Regarding the comparison of standard poverty measures and HPI a few 
interesting observations are in order: (a) though in Rural WB there was a significant 
difference in the Н, based poverty rank and the ЕСТ based rank, in all-WB level 
this difference is almost absent. Similar is the story for TN where in Urban area 
the Ну based rank differed substantially from the FGT based rank. This apparent 
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paradox can be resolved in terms of smoothing through aggregation procedure. 
(b) The ranks of the states in terms of HPI are not in general similar to those in 
terms of Н; or FGT. A plausible explanation may be extended as follows: weak 
rank correlation between Н. апа ЕСТ suggests a wide variation in the intra-poor 
distribution of income. Now, intra-poor distribution can vary provided there are 
some occupational variations. These occupational variations may take place 
depending on the availability of infrastructural provisions. Since, HPI is sensitive 
to infrastructural provisions, hence, a weak correlation between FGT and HPI 
may not be unexpected. 


One of the striking facts revealed by the foregoing analysis is the sharp 
variation in state ranks with respect to the changing definition of poverty. In 
fact, it is well recognized in literature that poverty rates differ significantly 
according to the approach adopted, for couniries as a whole and for regions of 
the world (Laderchi et al, 2006). Based on unit level National data sets, it has 
further been observed in India and Peru that significantly different sets of people 
were identified as poor according to whether the monetary, capability or 
participatory approach’ to poverty was adopted. As expected the poverty estimates 
obtained on the basis of Capability Measures are generally higher than those 
suggested by both the Planning Commission Expert Group and the NCAER 
studies based on standard money metric approach. 


The approach adopted here, through conceptually appealing, is subject to 
the number of data adjustment at the assessment level. In fact the reliable 
information of capability can be collected only through primary field survey. 
Any assessment of the basis of secondary data loses his rigor due to required 
approximation. Hence, the result obtain here are almost tentative. However the 
sensitivity of the estimates with respect to the other nutritional attainment as well 
as non-food capabilities is something wroth exploring. 
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Table 1: Estimation of Average Per-Capita Expenditure From Nutritional Intake Data 


% of food Per capita | МРСЕ = Proportion] Total No. of 
expenditure i [{0.00415) people = 

of total i (col:-3)/(col (57748946)* 
ышы 1 си «30 E -5) 


0-225 | 2274779.82 (Р) | 
225-255 : | 2404977.80 (Р) 
255-300 | | 4699410.15 (Р) 
300-340 : 5247224.29 (P) 
340-380 ; 5905583.89 (P) 
380-420 | | | 5903127.33 (Р) 
420-470 | | 6477963.70 
470-525 | 5824517.23 
525-615 Е 6561486.93 


615-775 : й 6109478.85 
715-950 3134577.81 
950-more 32058 18.21 


Source: Calculated From NSSO Nutritional Intake In India 1999-2000 (P: Poor class). 
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Table 2: Estimation of Average Per-Capita Expenditure from Nutritional Intake Data 
(Urban) 


MPCE % of food Per capita | MPCE= Proportion] Total No. of 
Classes (Rs) | expenditure | per diem [(0.00552) people =. 
of total calorie (col:-3)/(col (22427251)* 
expenditure | intake (kcl) | :-2/100)] *30 (с01:-5) 


0-300 329.25 . 784738.46 (Р) 
300-350 372.12 ; 824613.38 (Р) 
350-425 444.36 . 2051165.98 (Р) 
425-500 497.82 i 2596654.91 (Р) 
500-575 529.37 | 2245755.59 (Р) 


575-665 590.27 . 2197905.69 (Р) 
665-775 600.52 : 2221830.64 (P) 


775-915 656.49 ; 2264895.56 (Р) 
915-1120 722.91 А 2376545 .34 (Р) 
1120-1500 822.59 | 2520095.06 (Р) 
1500-1925 1002.84 — З 1291947.47 
1925-тоге 1439.89 . . 1051102.94 
22427251 





Source: Calculated From NSSO Nutritional Intake іп India 1999-2000 (Р: Poor Class). 


Table 3; Estimation of Poverty in West Bengal 
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SPG 


Source : Calculated From М550 Nutritional Intake In India 1999-2000. 
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Table 4: Poverty of Ten Major States in India Using Capability Based Method 


| 
(%) (%) ( (%) (%) (%) (%) 
- 


%) 
0.90 

















m 









43.08 | 21.55 5.04 | 39.36 


Source : Calculated From NSSO 55th Round Data. 
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Table 5: Rank of Ten Major States According Poverty in India Using Capability Based 











Source : Calculated From from Table-4. 
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Table 6: Rank Correlation between Capability Based and Multidimensional Indies 





Source : Calculated From ТаЫе-5 


Table 7: Rank Correlation between NCAER Poverty Measures and Capability Based 
Poverty Measures 


ee А НА НАС 


Source : Calculated from NHDR (2001), IHDR (1990) and NSS 55th Round. 
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| State Level Carbon Dioxide Emissions of India: 
1980-2000 
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Abstract 

We estimate the state level CO, emissions for India between 1980 and 2000 from their fuel usage pattern. It 
is found that coal is the most important source of CO, in all the states. The relationship between per capita 
gross state domestic product and CO, follows an inverted U-shape. The shape is totally dictated by the 
inverted U-shaped relationship between per capita gross state domestic product and coal consumption. 


This version: November 2008 


1.1 Introduction 


Emission of greenhouse gases is one of the major sources of pollution in the 
world. The most well documented harmful effect of greenhouse gases is global 
warming! . Of the five major greenhouse gases causing global warming carbon 
dioxide (CO;) is the most abundant?. It is also the most popular among 
academicians and activists all over the world. Apart from the quantitative 
significance of its emissions and it's potential to hurt humans there are other 
reasons for the attention that it gets. For example the Kyoto protocol? and the 
debates involving it have made CO, a household topic. For researchers, there is 
another more important reason: availability of data. Unlike other pollutants, we 
have consistent yearly estimates of CO, for all countries of the world for amazingly 
long periods of time dating back to the early nineteenth century. The Carbon 
Dioxide Information Analysis Center (CDIAC) of the Oak Ridge National 
Laboratory (ORNL) provides these estimates (based on the usage of major СО, 
emitters and conversion factors that translate this usage to СО, emissions). The 
data have been extensively used by researchers to address a wide range of issues 
pertaining to CO,. 


The ORNL estimates are at the country level. Ап obvious extension, 
especially for geographically large countries, is to understand the regional 
distribution of these country level emissions. Unlike the country level data, data 
at the regional level are expected to be more homogeneous and hence more 
reliable in pin pointing the determinants of emissions. The objective of this paper 


1 There are other harmful effects like increasing pest attacks, erratic changes in weather etc. Many of these 
are indirect consequences of global warming. 

2 The others are methane (CH,), nitrous oxide (N,O), chlorofluorocarbon (СЕС), and tropospheric 
ozone. 

3 This international response to climate change was launched in 1992, at the Earth Summit in Rio de 
Janeiro, with the signing of the U.N. Framework Convention on Climate Change. The Convention 
established a long-term objective of stabilizing greenhouse concentrations in the atmosphere “а! a level 
that would prevent dangerous anthropogenic interference with the climate system." It also set a voluntary 
£oal of reducing emissions by developed countries. 
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is to estimate the regional (state wise) distribution of India’s СО, emissions‘ 
from 1980 to 2000, years for which comparable energy data were available at 
the state level. After presenting the estimates we will make a simple scatter plot 
analysis of the data with respect to per capita income of the states and the fuel 
sources from which the data is estimated. 


It should be mentioned here that India is the fourth largest CO, emitter of 
the world (see Table 1). It is in fact the only low-income country in the top ten. 
The global trend for CO, emissions is such that emission by the high-income 
countries far exceeds the middle and lower income countries (Figure 1). In fact 
the high-income countries account for more than 71 per cent of aggregate global 
CO, emissions while low-income countries account for only about 5 per cent. 
Thus, going by incomes, the level of emissions for India is much beyond 
expectations. However this is not true for other possible determinants of СО,. 
For example India is the second most populated country in the world and fourth 
largest in terms of GDP (PPP). These factors have obviously played an important 
role in determining the quantum of emissions and overwhelmed the depressive 
influence due to the paucity of per capita income. 


Also source-wise India is significantly different from global averages (Table 
2). The major global sources of CO, emission are liquid fuels (mainly petroleum 
products). Solid fuels (mainly coal) come second in importance. However in 
India solid fuel is much more important than liquid fuel. For the world the solid: 
liquid ratio is 33:445. In India it is 68:24. 


The rest of this paper is arranged as follows: Section 2 describes the methods 
applied for estimation of CO, emission at the state level. Section 3 provides an 
overview of the data sources used in this paper. Section 4 contains the results on 
the state level CO, emission of India. Section 5 concludes the paper. 


2. Methodology 


Table 3 provides the known sources of CO, in the world. Anthropogenic 
sources (excluding respiration, which is considered as a ‘natural’ source) account 
for 80 per cent of aggregate emissions®. Of the natural sources respiration and 
fire are most important. Among the anthropogenic sources burning of fossil fuels 
is by far the most important accounting for more than 80 per cent of emissions 
from this source. Deforestation and Cement manufacturing’ are the other two 
major sources accounting for 17 per cent and 3 per cent respectively?. Among 


4 SeeHutington (1994) and Aldy (2004) for a similar exercise in the US. In addition to estimation, they 
have analyzed the data as well. 

5 Apart from solid and liquid fuels other sources of CO, emission are gas fuel, gas flaring and cement 
manufacturing. 

6 SeePanayoutou (1999) 

7 Themethod of estimation for CO, estimation from cement manufacturing along with the extent of CO, 
emission from this source for the Indian states have been furnished in the Appendix II. 

8 SeePepperet al (1992) 
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fossil fuels petroleum products and coal аге the most important’. 

In order to generate state level estimates for India in this paper we apply the 
methodology adopted by the ORNL. The basic methodology is as follows: first 
the major sources are identified. Next data are collected for these sources. Finally 
conversion factors are used to calculate emissions from different sources. There 
are however many important issues involved in every step and adjustments are 
necessary to the ORNL methodology to adapt it for available energy data on 
Indian states. We explain these in details before reporting the estimated values 
of emission. 


2.1 Method of Estimation 


Table 4 reports the sold, liquid and gaseous fuels that are used for estimating 
CO, emissions. Data regarding some of these fuels could not be obtained for the 
Indian states (though all of them are available for India as a whole). In particular, 
state level data regarding the following fuels were not available: natural gas, 
crude petroleum, lignite, oil shale and peat and also some other secondary fuels 
like refinery gas, plant condensate, feedstock, jet fuels, briquettes and gas coke. 
Thus the estimate is based on the following fuels: LPG, naphtha, motor gasoline, 
kerosene, high speed diesel oil, light diesel oil, furnace oil, low sulphur heavy 
stock!®, and coal. 

The methods of Marland and Rotty (1984) were used to estimate the amount 
of CO, emitted to the atmosphere from fossil fuel burning. The calculation of 
CO, emissions from fossil fuels is conceptually very simple. For each type of 
fuel, the annual CO, emissions are the product of three terms: the amount of fuel 
consumed, the fraction of the fuel that is oxidized, and a factor for the carbon 
content of the fuel: 

СО, = (Р) (ҒО) (С) 

where subscript i represents a particular fuel, Р represents the amount of 
fuel i that is consumed each year, FO is the fraction of P that is oxidized, C is the 
average carbon content for fuel i, and CO,, is.the resulting CO, emissions for 
fuel i expressed in mass of carbon. For CO, emissions, fossil fuels can be divided 
into the usual groups of solid, liquid, and gas fuels!!. The factors and units for 
calculating CO, emissions from fossil fuel consumption are furnished in Вох-І. 
The emissions coefficients (С) are defined in such a way as to express as accurately 
as possible the fuel carbon content in terms of easily accessible measures of the 
quantity of fuel consumed. The mean carbon content of liquid fueis is most 
accurately estimated in terms of the mass fraction while the carbon content of 
solid and gas fuels is most accurately estimated in units of mass C per unit of 
energy content. Using energy content in the denominator compensates for the 


9 Incase of India around 68 per cent of CO, emission comes from solid fuels (mainly coal) and around 
24 per cent is from petroleum products. 

10 Low Sulphur Heavy Stock (LSHS) is a residual fuel processed from indigenous crude. This fuel is in 
lieu of furnace oil in the same applications where furnace oil is suitable. 

11 For the Indian states data on production or consumption of natural gas are not available. 
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wide variability in the chemical and physical properties of coals (Marland et al. 
1994a) and captures the variability of gaseous fuels as well. 


Box 1: Factors and units for calculeting CO, emissions from fuel 
consumption 


From primary and secondary gas fuel production or Сопгитрпоп“ 
СО» = CO, emissions іп 109 metric tons of carbon 
Р, = annual production or consumption in thousands of 10" joules 
FO, = 0.98 + 1% 
С, = carbon content іп 10% tons рег thousand 10" joules = 0.0137 + 2% 









From crude ой and natural gas liquids production or consumption" 
СО, = CO, emissions іп 10° metric tons of carbon 


P, = annual production or consumption in 10° tons 
FO, = 0.918 + 3% 
C, = carbon content in tons C per ton fuel = 0.85 + 1% 


From primary and secondary liquid fuel production and trade in the national 
accounts when non-energy liquid products are specifically subtracted 


СО, = CO, emissions іп 10° metric tons of carbon 

P, = annual production or consumption in 10° tons 
FO, = 0.985 + 3% 

C, = carbon content in tons C per ton fuel = 0.85 + 1% 


From primary and secondary solid fuel production and trade 
СО, = CO, emissions іп 10° metric tons of carbon 
P, = annual production or consumption in 10° tons coal equivalent 
FO, = 0.982 + 2% | 

С, = carbon content іп tons С рег ton coal equivalent = 0.746 + 2% 




















Source: Marland апа Rotty (1984) 


3. Data Sources 


The energy data have been compiled by Economic Intelligence Service of 
the Centre for Monitoring Indian Economy Private Limited (CMIE), Mumbai. 
CMIE provides a long time series data on consumption or production of 
petroleum, natural gas, electricity, coal and lignite. The state wise consumption 
of coal and the petroleum products like liquefied petroleum gas, naphtha, motor 
gasoline, kerosene, high speed diesel oil, light diesel oil, furnace oil and low 
sulphur heavy stock are available in the publication “Energy, May,2005”. Thus 
our estimate is essentially based on consumption. The details of the data sources 
by type of fuel have been furnished in Appendix I. The income variables used in 
the statistical analyses represent Gross State Domestic Product (GSDP) for different 
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states and аге taken from the respective State Directorates of Economics апа 
Statistics. The population data is taken from The Registrar General of India (annual 
estimated mid-year population of states). Population data have been used to 
generate state level per capita emission and also to carry out the statistical analysis. 


4. Results 
4.1 Comparing Our Results with ORNL 


It has already been noted that the main aim of this paper is to provide a 
breakup of India’s aggregate CO, emissions according to the contribution by 
states. Adding up the state emission levels we get the aggregate emission for 
India as a whole. This aggregate should ideally match the estimates made by 
ORNL. Figure 2 and Table 5 compares our estimates with that of ORNL. It is 
clear from Figure 2 that our estimate has an upward bias (around 12 per cent on 
an average) although our source-base is smaller (some of the sources considered 
by ORNL for the estimation of CO, emission for India could not be taken into 
account at the state level due to non-availability of the corresponding energy 
data for the states). An indication as to what these missing sources are was 
provided in section 2.1. As the source of data used by ORNL at country level is 
not known it is difficult to locate the specific reason behind this bias. There 
might be some aggregation bias caused due to difference in the source datasets. 
However the two lines in Figure 2 are almost parallel suggesting that the two sets 
of estimates are internally consistent. A shift of origin will make the two estimates 
almost identical. 


4.2 Estimated CO, Emission 
4.2.1 Taking States Separately 


Uttar Pradesh leads the Indian states as far as mean CO, emissions between 
1980 and 2000 is concerned. It is closely followed by Madhya Pradesh, 
Maharashtra and Bihar"? (Figure 3). It can be seen from Table 6 that in tune with 
the general trend in India all these states have a high proportion of emissions 
from coal (82 96, 92 96, 74 %, and 89 96 respectively). In case of Maharashtra and 
Uttar Pradesh two other significant sources are motor gasoline (2.2 % and 1.196) 
and high-speed diesel oil (9.6 % and 8.8 96). However in case of Madhya Pradesh 
CO, emission from these sources is only around 4.8 per cent (see Table 7). 


А cursory look at Figure 3 and Table 6 appears to show that, as we have 
already guessed, the size of population of a state is one of the indicators of the 
quantum of CO, emission. States with small population sizes like Jammu and 
Kashmir, Himachal Pradesh, Assam, and Goa have low emission levels. However 


12 A separate state (Jharkand) was created out of Bihar in 2000. However in estimation we have used 
Bihar as undivided Bihar, Estimate for 2000 is thus not reported for Bihar. For the other two major states 
Мадћуа Pradesh and Uttar Pradesh the energy data have been obtained for the undivided states for the 
period under consideration. 
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population is definitely not the only indicator. As states like Kerala, which has 
higher population than Rajasthan and Delhi have significantly lower emission 
levels. Nor can states be clearly ranked according to their levels of economic 
progress. If we were to do so, undivided Madhya Pradesh and Uttar Pradesh will 
be clear exceptions as they have the highest level of emissions but not a high 
level of income. Thus Figure 3 and Table 6 suggest that finding determinants 
of CO, emission would be a highly interesting exercise for the Indian states". 


To bring in population more directly we have reported the per capita CO, 
emission by states in Table 8. Comparing the ranks in terms of aggregate emission 
and per capita emission we find that the rank correlation between aggregate 
emission and the per capita emission for 1980 and 2000 are 0.612 and 0.518 
respectively. The pattern of the rank has changed grossly in Uttar Pradesh, Delhi 
and Goa. In case of Uttar Pradesh the aggregate emission is high but so is 
population. Hence per capita emission is low. In case of Delhi and Goa the 
. situation is just the opposite. Aggregate emission for Delhi and Goa is low but 
their populations are lower. Hence their per capita ranks are high. 


Turning now to the percentage shares (Table 9), the following states' shares 
have declined over time: Delhi, Bihar, West Bengal and Gujarat. Assam. Goa 
and Kerala have remained almost constant throughout the period. The shares of 
the rest of the states have gone up. Although Uttar Pradesh was the highest 
emitter among the major Indian states in recent years, the percentage contribution 
of emissions of Bihar was 16.33 in 1980 and that of Uttar Pradesh was 9.09 in 
that year. During 1990, the contribution of Bihar was 10.30 per cent while that 
of Uttar Pradesh had become 12.46 per cent. In 2000 Uttar Pradesh became the 
highest contributor accounting for around 14 per cent of the CO, emission from 
fossil fuel in India. Plotting the percentage shares over the states in figure 4 we 
clearly find that the concentration of CO, emission has increased in case of Uttar 
Pradesh and Andhra Pradesh. Therefore the percentage of emission is skewed. It 
should be noted that, technically coal is more polluting in terms of CO, emission 
than petroleum or Kerosene. The pattern of concentration appears to suggest 
that states which have not been able to reduce coal consumption have become 
the major polluters. Since the number of such states is progressively getting 
smaller, therefore the main СО, emitters have become few with high percentage 
of emission. To investigate this further one can look at the correlation between 
aggregate consumption of different kind of fuels and aggregate emissions across 
states. The correlation between solid fuel and CO; emission for the major Indian 
states taken together is 0.989 while for liquid fuel it is 0.758 implying that the 
association with coal is stronger than that bezween liquid fuels. 


» 


13 Among (ће 19 major states considered rank of Madhya Pradesh із 14 and that of Uttar Pradesh is 17 in 
terms of per capita income for 1999, 

14 It should be noted that ‘finding determinants of emissions’ is really a misnomer here as the emissions 
themselves are estimates generated from a set of other variables. Strictly speaking it is the usage pattern 
of these other variables ("ће fuel usage pattern of the Indian states’) whose determinants get highlighted 
by such an exercise. 
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Let us now turn to the state wise trend in emission. Table 10 provides the 
state wise least square growth rates over time. Growth rates between 1980 and 
2000 had a wide fluctuation. The lowest growth rate has been recorded for West 
Bengal (3.66%) while the highest was Himachal Pradesh (11.63 %). The states 
like Andhra Pradesh, Orissa, Karnataka, Rajasthan and Uttar Pradesh also have 
high growth rates. Interestingly all the growth rates are significant. Further the 
all India growth rate was 5.86 per cent. The following states had emission above 
the Indian average: Andhra Pradesh, Haryana, Himachal Pradesh, Jammu & 
Kashmir, Karnataka, Kerala, Maharashtra, Madhya Pradesh, Orissa, Punjab, 
Rajasthan, Tamil Nadu and Uttar Pradesh. Besides least square growth rates 
covering the data relating to the entire time span, end-point decadal growth rates 
(both linear and compound annual) have also been considered to identify changes 
in the pattern of emission growth over decades at the state level (See Table 11). 
As far as the growth rates over the decades are concerned the rank correlation 
between the growth rates in the decades of the 1980s and 1990s, is about 0.65 
implying that some states whose CO, emission had grown relatively faster in the 
earlier decade did not-grow very fast later on and vice versa. India’s CARG was 
6.75 during 1980 to 1990 which had dropped to 5.08 during the next decade 
and the decline has been more or less evenly distributed over the states. A notable 
exception is Assam. Whose growth rate became negative in 1990s though it was 
quite high (almost 10% CARG and around 15 % linear) in 1980s. Another 
exception is West Bengal for which the CARG during 1980s was 2.81 per cent. 
This became 4.41 during 1990s. In case of linear growth in CO, emission for 
West Bengal it was 3.2 per cent during 1980s which shot up to 5.4 per cent 
during 1990s. It may be noted that the percentage contribution of petroleum 
products of West Bengal as compared to other major states of the country has 
gone down over the decades from 1980 to 2000, while the share of coal 
consumption for this state remained stable during this period. The significant 
declines were for the states like Jammu& Kashmir, Himachal Pradesh, Punjab, 
Haryana, Assam, Gujarat, Madhya Pradesh and Andhra Pradesh. The situation is 
more or less sirnilar if end-point linear growth rate is considered instead of CAGR. 
The end-point growth rate for India was 9.21 during 1980s, which fell to 6.41 
during 1990s. Significant decline in end-point growth rates can be observed for 
most of the states except West Bengal, Goa, Kerala and Tamil Nadu. Consumption 
pattern of the solid and liquid fuels by states reveals that during 1980 to 2000, 
consumption of petroleum products were high for the states like Maharashtra, 
Gujarat, Uttar Pradesh, Andhra Pradesh and Tamil Nadu, whereas coal 
consumption was high in Uttar Pradesh, Bihar, West Bengal, Madhya Pradesh 
and Andhra Pradesh. Also the pattern of growth is more or less same for least 
square growth rates and end-point growth rates (both compound and linear). 
Like least square growth rates end-point growth rates for most of the states are 
higher than the АП India growth rate. 


4.2.2 The Entire Panel 


In this section we will pool together the time series and the cross section 
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components of the data to conduct а simple scatter plot analysis on the resultant 
panel. Let us first turn to the relationship between emissions and the level of 
development of the states!*. The conjecture in the literature that has acquired а 
lot of prominence is that the relationship is inverted U-shaped (The Environmental 
Kuznets Curve (ЕКС) conjecture)'*. Figure 5 indeed shows that such a conjecture 
is true for the Indian states to a large extent. Looking at panel (a) of the figure 
there appears to be two bend back points in the inverted U-shape. Or rather it 
appears that there are two distinct EKCs for India one that is expected to bend 
back at a substantially higher level of emission than the other. On careful scrutiny 
of the points on the steeper curve we find that they belong to the following 
states: (undivided) Bihar, Orissa, (undivided) Madhya Pradesh and Andhra 
Pradesh. These are the states where India’s major steel plants are located. Steel 
plants consume a lot of coal, which is one of the main ingredients in estimating 
the levels of emission. This has made their emission levels disproportionately 
high, compared to their incomes. An importent point needs to be made here. The 
location of steel plants in India is entirely dictated by the availability of raw 
materials (mainly iron ore and coal) and has nothing to do with the level of 
development of the state. On the other hand, the steel plants have very little 
impact on the overall development of the states. The linkages between the setting 
up of steel plants and income generation have failed to materialize in India. 
Almost all of these states (except, to an extent Andhra Pradesh) are poor. It 
would thus be logical to assume that the relationship between incomes and 
emissions is purely spurious for these states. 


Eliminating these states (Panel (b)) we get a single inverted U curve for the 
panel, It is observed from Table 12 that bend-back income is Rs. 18444. The 
states whose observations constitute the bend-back are: Delhi and Goa. The 
scatter is thick on the rising portion. As we approach the bend back and beyond, 
points become sparse. Thus clearly, though the bend back is a reality, most states 
are still in the upward sloping part of the curve. For them emission is rising with 
income. 


The relationship with respect to income can be extended to the fuel usage 
pattern as well. Here a distinction has to be made between domestic usage of 
. fuel and industrial usage of fuel. The second component of fuel usage has nothing 
to do with the level of income of consumers living in the respective states”. 


15 Here we do the analysis with respect to the economic development of the states only. As pointed out by 
а referee this could be extended to the level of human development of states as well. For this the logical 
link of emissions with life- expectancy and education will have to be carefully formulated. That can be 
an interesting exercise to do in future. 

16 Holtz-Eakin and Seldon (1995) observed this type of inverted U shaped relationship in case of co, 
emission. Further, Aldy (2004) has used state-level СО, data for the US from 1960 to 1999 to estimate 
pre-trade (production-based) CO, EKCs and post trade (consumption-based) CO, EKCs. 

17 As pointed out by a referee, industrial usage may also have a relationship with the per capita income of 
the people living in a state in the sense that with income people’s consciousness regarding pollution 
increase forcing abatement by industries. , 
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However the first one does have а link at least in India: if we travel up from the 
lowest income levels to the highest income levels we find that there are at least 
three stages (i) where people neither use coal nor petrol/LPG (ii) where people 
gradually shift to coal and uses small amounts of petrol/LPG and (iii) where 
people do not use coal at all but depend entirely on petrol/LPG'*. Does the panel 
reflect this private usage pattern? Panel (a) and (b) of Figure 6 shows that indeed 
something like this happens as far as coal is concerned. It is evident from the 
points marked in panel (b) of Figure 6 that people do shift from coal to other 
fuels as income per capita goes beyond a level. On the other hand as far as liquid 
fuel is concerned, the scatter is monotonically incréasing as expected (panel (c) 
and (d)). Thus it appears that the inverted U-shape of CO, – per capita income 
scatters in Figure 5 are entirely caused by the usage pattern of coal in India”. 


5. Conclusions 


This paper estimates the magnitude of СО, emissions of the Indian states 
from 1980 to 2000. The estimates show that of the several sources from which 
CO, is emitted coal is by far the most important for India. Liquid fuels come 
second. Though we did not have data for distinguishing the consumption of 
coal for domestic usage and that for industrial purposes, the scatter plot between 
coal and income appears to suggest that a large majority of people have not yet 
been able to shift from coal to petrol/LPG for personal usage. Income, especially 
through its effect on the consumption of coal appears to be important in dictating 
the estimates. However by no means can we discount other determinants like 
population. Also the relationship between income and CO, emission for Indian 
states (eliminating the states having major steel plants) exhibits an inverted- U 
curve when using panel data estimates. Finally, a comparison of our result with 
the results from ORNL shows that our result has an upward bias, although the 
reason behind this remained unexplored. But the movement of the two series 
over time definitely indicates the consistency of estimation of СО; emission at 
the state level. 


I8 The phenomenon can be more clearly laid out as follows: When incomes are very low people use stray 
wood, which is available free of cost, as cooking fuel and travel very occasionally so that their LPG 
usage is nil and their usage of petrol is very small. As income increases fuel wood is gradually replaced 
by coal, which has to be bought, and traveling by public transport rises. So we would expect an interval 
where coal usage gradually rises (so does petrol usage but to a smaller extent). There is still no LPG 
usage. As income rises further coal is replaced by LPG progressively and public transport by private 
cars. Coal usage becomes nil after a threshold level of income is reached and LPG/Petrol usage rises 
rapidly. In India all these categories of individuals are simultaneously present - in large numbers as well. 

19 As we have already stated, one of the limitations of our analysis is that we could not consider all the fuels 
causing CO, emissions. As pointed out by a referee of this journal, for Delhi, whose observations 
constitute the bend —back of the inverted U shaped curve there has been a rise in CNG use in recent 
years. It may well have happened that Delhi would have moved to the upward sloping zone if they had 
not shifted to CNG. However CNG's contribution to CO, is substantially smaller than that of petrol so 
Delhi has definitely cut down on CO, emissions relative to its income level compared to other states. 
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Appendix I: Data Source by type of Fuels 


Solid Fuels 
CMIE ‘Energy, No consumption 
Мау,2005' data available in case 
pp 285-287) ‚ of Goa. 


Liquid Fuels 


Liquified Petroleum Gas CMIE 
Мау,2005” (рр 52-70) 


Марша No consumption іп J&K, 
Himachal Pradesh, 
: Нагуапа & Рипјађ 
(for some years ). 


High Speed Diesel Oil 
Light diesel Oil 


No consumption for 

J&K, Himachal 

Pradesh, Delhi, 

Rajasthan and 

Karnataka 

during early 80's and from 
mid 90's to end of that 
decade for West Bengal. 





Appendix -П 


CO, Emissions from Cement Manufacturing: A Test Case 


The basic data required for estimation of CO, emission from cement 
manufacturing for the Indian states are the state level annual data on cement 
production. But time series data on cement production for Indian states are scanty. 
These data for some latest year are available with Central Statistical Organization, 
Industrial Statistical Wing ‘of the Goverament of India. So the exercise of 
estimating CO, emission from cement manufacturing for the Indian states has 
been done for the terminal period 2000. 
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Methodology 


As cement manufacturing uses essentially 100% of the calcium oxide 
obtained from burning the calcium carbonate during calcinations, the amount of 
calcium oxide content in the finished cement is a good measure of the amount of 
CO, released during production (Griffin 1987). To determine the amount of CO, 
released from cement manufacturing, one needs to know how much cement was 
manufactured, the average calcium oxide content per unit of cement, and a factor 
to convert the calcium oxide content into carbon dioxide equivalents. Cement 
production data published by the U.S. Bureau of Mines are currently reported in 
thousand short tons, but before 1970 the data were reported in barrels. To ensure 
consistent units throughout the 1950-92 record, two equations were used to 
convert cement production estimates to units of metric tons. Cement production 
before 1970 was calculated by using cement production (in metric tons) = 
0.17055 x quantity of cement produced (in barrels), where 0.17055 is the metric- 
ton equivalent for a barrel. After 1969, net cement production was calculated by 
using cement production (in metric tons) = 0.90718474 x quantity of cement 
produced (in short tons), where 0.90718474 is the metric-ton equivalent for a 
short ton. The amount of CO, produced from cement production was calculated 
by usingCO, production (in metric tons of C) = 0.136 metric tons of C per 
metric ton cement x quantity of cement produced (metric tons) This conversion 
factor was obtained by dividing the molar mass of carbon by the molar mass of 
calcium oxide and multiplying this quotient by the average fraction of calcium 
oxide contained in cement: (12.01 g C/mole CaCO, + 56.08 g CaO/mole CaCO,) 
x 0.635 g CaO/g cement = 0.136 g C/g cement The consensus that 63.5% of the 
typical cement in the world is composed of calcium oxide is based on the opinions 
of experts consulted in the field, as well as inspection of composition data by 
type and country (Griffin, 1987). 


CO, Emission from cemert manufacturing in India 


The results are presented in Table А1. It can be seen that for 2000 the total 
CO, emission arising out of cement manufacturing was to the tune of 10387 
*000M.T. of carbon. For the state level CO, emission from cement manufacturing 
Andhra Pradesh topped the list, followed by Rajasthan, Madhya Pradesh and 
Gujarat. The total CO, emission for India in 2000 (from fossil fuel and cement 
manufacturing) became 334431 ‘000 M.T. of carbon of which contribution of 
CO, from cement manufacturing is 3.11 per cent which is in conformity with 
the percentage of CO, emission from cement manufacturing (3 per cent) at the 


global level. 
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Table 1: СО, Emission by top 25 nations, 2003 


Rank 


ооо мз © t ы бо ~ = 


о N N N N кз аа кю за за к юм M юз 
> о N me O D oO м сї л BR о ыо н о 


25 


Nation 
UNITED STATES OF AMERICA 
CHINA (MAINLAND) 
RUSSIAN FEDERATION 
INDIA 
JAPAN 
GERMANY 
CANADA 
UNITED KINGDOM 
REPUBLIC OF KOREA 
ITALY (INCLUDING SAN MARINO) 
MEXICO 
ISLAMIC REPUBLIC OF IRAN 
FRANCE (INCLUDING MONACO) 
SOUTH AFRICA 
AUSTRALIA 
UKRAINE 
SPAIN 
POLAND 
SAUDI ARABIA 
BRAZIL 
INDONESIA 
THAILAND 
TAIWAN 
TURKEY 
ALGERIA 


Source: Oak ridge National Laboratory, United States. 


(000 M.T. of C) 

1580175 
1131175 
407593 
347577 
336142 
219776 
154392 
152460 
124455 
121608 
113542 
104112 
102065 
99415 
96657 
85836 
84401 
83121 
82530 
81445 
80544 
67131 
62720 
60057 
44672 
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Table 3: Sources ої CO, Emission 


Respiration Burning fossil fuels for 
Fires transportation & commercial 
Fires energy 


Carbon Dioxide Rotting wood Tropical deforestation 
Decomposition of organic Cement manufacture 
material in soil Other land use changes 





Notes: 1. Houghton, John, 1994, Global Warming, The Complete Briefing, Lion Publishing, 192p. 


Source : The effect of population on global climate change (Tonalee Carlson Key, hitp://www.cnie.org/ 
pop/intros/globalclimate1.htm) 
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Table 4: List of the primary and secondary fuels 


| GasFues S G 
___________________- CeO O 
| ReémeyGa | 
| Liquid Fues | 





























Liquefied Petroleum Gas 


oe ee t 
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pA 

p E 

EU LU 
Motor Casting 
ata esting | 
айынын | 
pT Seeendarg Nos Energr Liquid оны | 
| mmmevghi O O 
[с es Reo = 5-3 
рен ш ——— 
А emne | 
Peter Petroleum Prodes | 
| ее | 
Wit Spi | 
[SM — ОИ 
p E У 


Source : United Nations Energy Statistics Database used ia calculating CO -emission estimates. 
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Table 5: Estimated CO, Emission of India іп “000 metric ton of Carbon 


CAGR [1980-2000] 
Note: CAGR is the compounded annual growth rate. 


~ 


Year 


1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


ORNL 


Estimates 


92060 
98167 
104246 
112913 
116208 
127151 
136776 
144873 
155917 
168741 
174918 
188203 
202114 
210579 
225921 
238450 
262786 
268128 
276821 
280853 
278432 
5.69 


Our 


Estimates 
102818 
112568 
121103 
127393 
132745 
144549 
154763 
165916 
178096 
189378 
197492 
212969 
221488 
233858 
246739 
263852 
277572 
288130 
297989 
303845 
324044 

5.91 


Index on 
ORNL Estimates 
[Base 1980=100] 


100.00 
106.63 
113.24 
122.65 
126.23 
138.12 
148.57 
157.37 
169.36 
183.29 
190.00 
204.44 
219.55 
228.74 
245.41 
259.02. 
285.45 
291.25 
300.70 
305.08 
302.45 


Іпдех оп 
Our Estimates 
[Base 1980=100] 


100.00 
109.48 
117.78 
123.90 
129.11 
140.59 
150.52 
161.37 
173.21 
184.19 
192.08 
207.13 
215.42 
227.45 
239.98 
256.62 
269.96 
280.23 
289.82 
295.52 
315.16 
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Table 10: State Wise Least Square Growth Rates ої CO, Estimation 


Least Square Least Square 

State | Growth Rate State Growth Rate 
Andhra Pradesh 9.64 Kerala 6.61 
Assam 3.25 Maharashtra 6.82 
Bihar 1.51 Madhya Pradesh 7.46 
Delhi 3.04 Orissa 8.76 
Goa 4.39 Punjab 7.14 
Gujarat 4.29 Rajasthan 8.76 
Haryana 6.29 Tamil nadu 6.7 
Himachal Pradesh 11.63 Uttar Pradesh 8.33 
Jammu & Kashmir 6.72 West Bengal 3.66 
Karnataka 9.53 All India 5.86 


Notes: (1) The least square growth rate is estimated by fitting a linear regression trend line to the logarithmic 
annual values of the log y= a+ ft. In this equation y is the variable and t is times. If 8 * is the least square 
estimates of Й, the average annual growth rate s obtained as [ехр(р *)-1] and is multiplied by 100 to 
express it as a percentage (World Development Report, 1999-2000; World Bank). (2) All the “8” coeffi- 
cients are significant at 5% level of significance. 
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Table 12: Points іп the Panels determining Bend- Back Income 


Points Per Capita Per Capita Per Capita 
in the Panels Income(Rs.) CO,(tonne) Coal onsumption(tonne) 
a 15385 0.458 471 
b 15809 0.488 511 
с 15982 0.538 560 
а 16971 0.552 594 
е 18127 0.580 595 
Е 18844 0.573 572 
g 19621 0.571 | 575 
ћ 20755 0.550 534 
1 21368” 0.504 459 
1 22763 0.438 421 
(23263) 


Note: Figure in parenthesis indicates per capita income in respect of panel (Б) of Figure 6 showing рег 
capita income and per capita coal consumption scatter. 


Table : А1 Estimation of CO, Emission from Cement Production: 2000 


State Quantity Produced(Tonne) — CO,(*000 M.T.of C) Rank 
Andhra Pradesh 11013604 1497.850 1 
Авзат 276017 37.538 18 
Bihar 607958 82.682 15 
Goa 72144 9.812 19 
Gujarat 7525869 1023.518 4 
Himachal Pradesh 3204865 435.862 10 
Jammu & Kashmir 343706 46.744 17 
Karnataka 5824510 792.133 7 
Kerala 551560 75.012 16 
Madhya Pradesh 10235054 1391.967 2 
Maharashtra 4452556 605.548 8 
Meghalaya 51037 6.941 20 
Orissa 1601290 217.775 12 
Punjab ` 1108281 150.726 13 
Rajasthan | 9865794 1341.748 3 
Tamil Nadu 5887876 800.751 6 
Uttar Pradesh 4317757 587.215 9 
West Bengal 889430 120.962 14 
Jharkhand 2027060 275.680 11 
Chattisgarh 6517928 886.438 5 


All-India | 76374296 10386.904 
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Figure 1: Per Country Percentagé of CO, Emission by type of Economy 





Report, World Bank. The upper-middle and lower middle-income countries have been reported together as 
“Middle-Income” countries. i 


Source : Compiled from ORNL data. 


Figure 2 : Movement in Estimates of CO, Emission of India 


—B— ORNL Estimates --А- Our Estimates 
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uir 3:3 Mean CO, Emission by States : 1980-2000 
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Figure 4 : Percentage Contribution of CO, Emission 
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Figure 5 : Relationship between Per Capita Income and Рег Capita СО, Emission 


(a) Entire Panel 


Per Capita CO, 


10000 15000 20000 25000 30000 
Per Capita Income 


(b) : Panel data excluding Bihar, Orissa, Madhya Pradesh & Andhra Pradesh 


o xm T 4" 


CO, Per Capita 


5000 10000 15000 20000 25000 30000 
Per Capita Income 





Some of the points in the panel (Б) marked as а, Б, є, d, e, f, в, В, i, j. These letters are missing in panel (b). 
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Figure 6 : Relationship between CO, Emission and Fuel Consumption 


(a) Entire Panel 


Coal Consumption Per Capita 
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(b) : Panel data excluding Bihar, Orissa, Madhya Pradesh & 
Andhra Pradesh 
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Petro-Product Per Capita 


Petro-Products Per Capita 


(с) Entire Panel 
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(d) : Panel data excluding Bihar, Orissa, Madhya Pradesh & 
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Multiplicity of Equilibrium іп Canonica! апа Non- 
Canonical Correlation Devices: An Example* 


Indrajit Ray 





Abstract 

A correlated equilibrium for a normal form game is a mediator whose recommendations the players find 
optimal to follow obediently. A (direct) correlation device or a mediator however may face the multiple 
equilibrium problem as the obedient strategy profile may be dominated by some other Nash equilibrium in 
the extended game. This paper addresses the question whether it is possible to avoid this problem by 
considering non-canonical correlation devices. The paper presents a non-canonical correlation device to 
study this problem for a parametric version of the Chicken game. JEL Classification Numbers: C72. Keywords: 
Non-Canonical Correlation Devices, Multiple Equilibrium, Sunspots. 


1 Introduction 


А normal form game can be played using a correlation device. The correlation 
device first sends private messages to each player according to a probability 
distribution and then the players play the original normal form game. The original 
game is therefore extended. In this extended game, a pure strategy for any 
player is a map from the set of messages to the set of pure strategies of the 
original game. А correlation device is called direct or canonical if the set of 
messages is identical to the set of pure strategies of the original game, for each 
player. A (direct) correlated equilibrium (Aumann (1974, 1987)) can best be 
described as a mediator whose recommendations the players find optimal to 
follow obediently. In other words, for a correlated equilibrium, the strategy of 
following the mediator's recommendations constitutes a Nash equilibrium in 
the extended game. 


Consider for example, the two-player game (Chicken) in Figure 1a. Each of 
the two players has two strategies, namely, А and P. 


A P 
A 00 7,2 
Р 2,7 6,6 
Figure la 


The direct correlation device in Figure 1b is indeed a correlated equilibrium 
for this game, i.e., the obedient strategy profile (AP, АР)! is a Nash equilibrium 
in the canonical extended game. 


ж 


І wish to thank all the seminar participants at various institutions where the materials in this paper have 
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1 АР represents the strategy of playing A when the recommendation is A and playing P when the 

recommendation is P. 
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А Р 
1 2 
А - ~ 
5 5 
2 
P = 0 
КЕ 
Бірше 15 


It is well known that ап extended game, extended by а (direct) correlation 
device, may have equilibrium other than the obedient one. First of all, babbling 
equilibrium always exists; і.е., ignoring the messages from the device altogether 
and playing a Nash equilibrium of the original game constitutes trivially a Nash 
equilibrium in any such extended game. For example, (AA, PP) is a Nash 
equilibrium in the extended game in the above example. There may also be non- 
babbling Nash equilibrium in which players do not follow the mediator’s 
suggestions. In the above example, the profile (PA, PA) in which the players 
play exactly the opposite of the recommended strategies is also a Nash equilibrium 
in the extended game. The other equilibrium may even dominate the obedient 
one, i.e., by playing the other Nash equilibrium, all players can obtain a higher 
payoff. Indeed, in the above example, the equilibrium (P A, P A) dominates the 
obedient equilibrium. A direct correlation device or a mediator therefore may 
face this multiple equilibrium problem?. The question thus arises whether it is 
possible to find a device that can implement the given outcome, however, does 
not suffer from this multiple equilibrium problem. 


One should certainly mention the recent advancement in the literature on 
mediated, unmediated and cheap talk here which suggests that any correlated 
equilibrium of a given game can be generated as an outcome of a communication 
process (Aumann and Hart (2003), Barany (1992), Ben-Porath (1998, 2003), 
Forges (1990), Gerardi (2004), Gossner (1998), Gossner and Vieille (2001), 
Krishna (2007), Lehrer (1996), Lehrer and Sorin (1997), Urbano and Vila (2002)). 
This literature uses either a complex, sophisticated communication protocol ог а 
simple mediated talk or even an unmediated cheap talk that can replace the 
mediator. The central theme of this literature is that, depending on the specific 
set-up, any correlated equilibrium distribution can be obtained as a Nash 
equilibrium outcome of a communication scheme. 


None of these papers however addresses the potential problem caused by 
the multiplicity of equilibrium. It may be easily conceived that, although a 
communication scheme is meant to generate one particular correlated equilibrium 


2 Themultiple equilibrium problem is well understood in other contexts, such as, implemenration theory 
(Palfrey (1992)), principal-agent theory (Mookherjee (1984)), differentialinformation economies 
(Postlewaite and Schmeidler (1986)), mechanism design (Demski and Sappington (1984)). There also 
exists an extensive literature on mechanism design exploring mechanisms that can uniquely implement 
an outcome (Ma (1988), Ma, Moore and Turnbull (1988)). 
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distribution аз ап equilibrium outcome, there might be multiple Nash equilibria 
of this communication process leading to different outcomes. 


To understand this issue of multiplicity, one may take an implementation 
approach and ask whether a desirable correlated equilibrium distribution is fully 
implementable or not. One may easily construct an implementation problem in 
which the planner’s choice function associates with every payoff matrix (a normal 
form game) a particular correlated equilibrium distribution of the game. Kar, 
Ray and Serrano (2009) show, using a parametric version of the twoperson 
-Chicken game, that a social choice function that chooses any particular correlated 
equilibrium distribution does not satisfy Maskin monotonicity and therefore can 
not be fully implemented in Nash equilibrium. Thus, no mechanism that aims to 
understand a correlated distribution as the unique outcome of Nash equilibrium 
play can be found. 


This paper tries to understand the multiple equilibrium problem by restricting 
the attention to a particular type of multiple equilibrium problem and a particular 
communication scheme. We analyse a specific two-person game (Chicken) and 
look at a specific form of multiple equilibrium problem, involving disobedience. 
A player adopts a disobedient strategy if he always chooses the action that is not 
recommended by the mediator. A correlated equilibrium is said to suffer from 
the multiple equilibrium problem if the disobedient strategy profile is also a 
Nash equilibrium of the extended game and it generates (weakly) higher (ex- 
ante, expected) payoffs for both players. We ask the question whether there 
exists a communication scheme, more specifically, a non-canonical correlation 
device that can implement a correlated equilibrium and does not suffer from this 
multiple equilibrium problem. 


This exercise is clearly different from identifying an efficient correlated 
equilibrium (Ray (1996a)) or characterising efficiency (Myerson (2002)). The 
purpose is to implement an equilibrium that is clearly not optimal in the first 
place. One might criticise the basic motivation of this research by asking: why 
should the players be interested in implementing such a sub-optimal outcome? 
The players should always select a correlation device that does not suffer from 
the multiple equilibrium problem (possibly using the concepts in Ray (1996a), 
Myerson (2002)). One response to this fair criticism is that the correlated 
equilibrium that needs to be inplemen could be the desire of a third party, or 
even the mediator. 


Although any communication scheme can be thought of to avoid the multiple 
equilibrium problem in this context, this paper discusses a non-direct mediator 
or non-canonical device. A non-direct mediator or a non-canonical device is a 
device in which the messages are not the strategies of the original game. The 
paper offers a specific non-canonical structure together with a particular strategy 
profile of the non-canonical extended game. induces the direct correlated 
equilibrium in consideration. 


The paper is organised as follows. The next section presents all the relevant 
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definitions formally. Section 3 presents the basic game, the direct correlation 
device and the multiplicity problem. Section 4 presents an example of a 
noncanonical device to motivate this study. Section 5 concludes. 


2 General Formulation 


Fix any normal form game, С = [N, {5,} ам; {и Нек] with set of players: М = 
(1,...., п), finite pure strategy sets: S,, ...., $, 5 = Поу Sp and pay-off functions: 
ир... И Ш: S — В, for all i. 


Definition 1 A correlation device is an (n + 1)-tuple, d = (M,, ...., М», и) 
where, М, is a finite set of messages for player i and и is a probability 
distributionover М (= Пу М). The device selects a message profile т (= (ть, 
^, M,)) according to и, and send the private message mi to each player i. 


The extended game G, is the game where the correlation device d selects 
and sends messages to the players, and then the players play the original gameG. 
A pure? strategy for player i in the game С, is a map o; : M, — 5, and the 
corresponding (ex-ante, expected) payoff is given by, u,* (о, ...., о) = З ем Й 
(тур (ау (т) ....‚ о, (т,)). 

Definition 2 А direct correlation device is a correlation device where М, = 5,. 
Such a device can be represented by a probability distribution over S. 


Definition 3 In a given correlation device, a message profile т(= (ті, ...., 
m,)), is called a public message or a sunspot if ит) > 0, and the conditional 
probability of ((m_)) given m, is 1 for all i. A message profile т(= (m, ...., т,)), 
is called a semi-public message if Мт) > 0, апа те сопайіопа! brobubili t of 
((m )) given mi is 1 for some i. 


Definition 4 A correlated equilibrium of the game С is a pair (d, (о), „к), 
where the (pure or behavioral) strategy profile (o, ...., о) is a Nash equilibrium 
ој the extended game G,. А direct correlated equilibrium d of the game G is a 
correlated equilibrium where M, = 5, and о, is the identity map, for all i. The 
corresponding payoff to player i is given by у sd), (s). A correlated equilibrium 
distribution of the game С is a probability distribution on S which is induced by 
a correlated equilibrium (d, (о) y). 


Remark ТА direct correlated equilibrium can be identified with an element 
of A(S). Clearly, it is also a correlated equilibrium distribution, induced by 
itself. Let C(G) denote the set of all correlated equilibrium distributions for the 
game G. 


Remark 2 Any Nash equilibrium and any convex combination of several 


3 Onecan also think of behavioral strategies in the game С, А behavioral strategy for player i is а map 
from M, to А (5) and the (ex-ante, expected) payoff for player i corresponding to a behavioral strategy 
vector is given by, ця (0,,...., 0,) = У. P(m) Ш, «мб, (51 т) ція ›...› 5,)}]. Let us however restrict 
ourselves to pure strategies only. 

4 Using the standard notion of conditional probability. 
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Nash equilibrium of a given рате С, ‘corresponds’ to a direct correlated 
equilibrium. Let N(G) denote the set of all distributions that correspond to any 
Nash equilibrium and let CONV (G) denote any convex combination of several 
Nash equilibrium. Clearly, N(G) с CONV (С) c C(G). 


Let Г be the set of all games for which CONV (С) c C(G). Let us consider 
games only in Г, i.e., games for which the set of correlated equilibrium is strictly 
bigger than the convex hull of Nash equilibrium outcomes. Also, let us consider 
correlated equilibrium distributions that are outside the convex hull of Nash 
equilibrium outcomes, i.e., d е C(GNCONV (С). 


Definition 5 Given any game С є Г, ard a direct correlated equilibrium® d 
є С(СЛСОМУ (С) for С, the set of inducible distributions, Ка), is the set of all 
distributions over S that are induced by some (pure or behavioral) Nash 
equilibrium strategy profile (о, ...., о) of the extended game Gz, 


Remark 3 Clearly, any distribution т Қа) is a correlated equilibrium for 
the game С. Thus, Ка) с C(G), for any game! С є Г, and а direct correlated 
equilibrium d є С(ОХСОМУ (С). 


Remark 4 As а е С(СЛСОМУ (б) is a direct correlated equilibrium for the 
game G, the obedient strategy profile forms a Nash equilibrium extended fune 
G, Hence, d є Қа). 


Remark 5 For any given рате С є Г, and for any given direct device? d е 
C(G)\\CONV (С), the strategy profile (of the extended game) that induces a (pure 
or mixed) Nash equilibrium of the original game, is also a Nash equilibrium of 
the extended game. Particularly, for any ғате С Е Г, and a direct correlated 
equilibrium а €C(G)\CONV (С) for С, МЖО) c Ка). Note however that CONV 
(С) Ж (а), as not all convex combination of Nash equilibrium points can be 
induced from a given distribution d. Clearly, МС) с Kd) (1 CONV(G). 


Following the above remark, for any given game С є Г and for any given 
device d е C(GACONV(G), let us concentrate only on I(d)\\{I(d)NCONV(G)}, 
the set of induced correlated equilibrium other than the inducible convex 
combinations of Nash equilibrium of the original game. | 


A direct correlated equilibrium d є C(G)\CONV(G) of а game С є Г is said 
to suffer from the multiple-equilibrium problem if there exists an induced 
correlated equilibrium distribution d' є (Ка) П CONV(G)}, such that 5, es "(5)д, 
(s) 2 Х,- (5), (s) for all i, with at least one strict inequality. 


We present a 2x2 game only and a particular form of multiple equilibrium 


5 Certain games are hereby excluded, such as, Prisoners' Dilemma, Cournot Duopoly (see Yi (1997)). 
Also see Moulin and Vial (1978) in this context. 

6 This definition and the foliowing three remarks are valid for any зонд equilibrium distribution 
d є C(G). 

7 This remark is valid for any game С. 

8 Thisremark is valid for any canonical or non-canonical device d. 
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problem. Therefore the following two definitions аге the only two required notions 
for the rest of the paper. 


Definition 6 For a 2x2 game G е Г, and for a direct correlated equilibrium 
а е C(G)\\CONV(G), the disobedient strategy profile d’ in the extended game С, 
is the profile in which each player always chooses the action that is not 
recommended by the mediator. For a 2x2 game С Е Г, a direct correlated 
equilibrium d е C(G)\\CONV(G), is said to suffer from the multiple equilibrium 
problem if the correlated distribution, induced by the disobedient strategy profile, 
а є {Ка N CONV(G)}, and У, а (5) (5) > Ре) (з) for all i, with at least 
one strict inequality. 


Definition 7 Suppose for a given 2x2 game С € Г, a поп-сапотса! 
correlation. device induces a direct correlated equilibrium that suffers from the 
multiple equilibrium problem. We would say that the non-canonical device itself 
does (does not) suffer from the multiple equilibrium problem as wel 1, if the strategy 
profile that corresponds? to the disobedient equilibrium of the direct extended 
game is (is not) an equilibrium in the non-canonical extended game. 


3 Multiplicity of Equilibrium 
This section studies a general version of the two-person game of Chicken as the 


basic game. Motivated by the example in the Introduction, it considers a particular 
direct correlation device which is characterised by a single parameter, p. 


~ 


3.1 Тће Сате 


Consider the two-player non-cooperative game of Chicken as in Figure 2a, 
where” , 0 < a < b < c < а. Each of the two players has two strategies, namely, 
А and P. This game has two pure Nash equilibrium, namely, (A, P) and (P, A) and 
a mixed equilibrium in which each player plays A with probability (d — c)/{(d – 
c) + (b - a)). 
А Р 
А aa d,b 
P bd cc 


Figure 2a 
32 The Canonical Correlation Device 


Motivated by the examples in the Introduction, we here present a particular form 
of a direct correlation device as in Figure 25. The device is characterised by one 
parameter, p, 0 « p « 1. 


9 There always exists such a strategy profile and can be easily identified by combining two maps. 
10 We have chosen strictly positive payoffs just for the sake of simplicity in calculations. 
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А Р. 
1-р 
А р Я 
1- 
Р — 0 
2 
Figure 2Ь . 


Fix a game of Chicken (і.е., fix values of а; Б; с апа 4 in the game in Figure 
2а). Suppose now this game is played using г correlation device as in Figure 2b. 
Clearly for certain values of the parameter p, both the obedient and the disobedient 
strategy profile will be equilibrium of the canonical extended game. Note that, 
by the structure of the device and the payoffs in the original game (Chicken), the 
disobedient strategy generates higher payoffs than the obedient one, for both 
players. Thus, for a fixed game of Chicken, опе can finda precise range of the 
parameter p, for which this correlated equilibrium suffers from the multiple 
equilibrium problem. 


Proposition 1 The (direct) correlation device in Figure 2b is a correlated 
equilibrium and also suffers from the multiple equilibrium problem if 0 < p M 
шу], where, x = (d—c)\/{(d—c) + 2(b – а) and у = (b — ay((b — a) + 2(4-с)}. 


Proof. Assuming that the other player is following the strategy AP , it is 
obvious (by the symmetric structure of the device and the payoffs of the с: па] 
game) that a player will play P when the recommendation is P and wher 2+ 
recommendation is A, will play А if ap + 41 — ру2 > bp + са - p)/2, ie,ifps 
x. Thus, the obedient profile (AP, AP) is a Nash equilibrium of the canonical 
extended game if p < x. Similar argument shows that the disobedient profile (PA, 
PA) is a Nash equilibrium if p < y. 


To understand the above Proposition, let us consider the following example 
already discussed earlier. 


Consider the game in Figure Ја. Here, a = 0, b = 2, c = 6 and d = 7. For these 
parameter values, x = 1/5 and у = 1/2. Therefore, any direct device as in Figure 
2b will suffer from the multiple equilibrium problem if 0 « p x 1/5. As noticed 
earlier, for this game, the device in Figure 1b, which is characterised by p — 1/5, 
does suffer from the multiple equilibrium problem. 


For the rest of the paper, let us hereby fix a game of Chicken (i.e., fix values 
of a; b; c and d). Also, let us restrict ourselves to direct devices as in Figure 2b, 
with p < Міп[х, y] only, so that the correlated equilibrium in question does suffer 
from the multiple equilibrium problem. 


4A Non-canonical Device 


Consider the non-canonical device!! in Figure 3a, in which the message sets for 
two players are, respectively, (a, b, с) and (d, e, f]. 


11 First appeared in Ray (1996b). 
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d e f 
1 + 
a 0 0 - 
b. 7 
b - - 0 
71 7 
2 
с - 0 0 
7 
Figure За 
Suppose this device is used to play a version of Chicken, as in Figure 3b. 
A Р 
А 52 72 
3 3 
p. 72,42; Do 
Figure 3b 


Each player first gets a private message from the non-canonical device, and 
then plays the game. A pure strategy of a player in the extended game is a map 
from the set of messages to the set of pure strategies of the original game. 


It is easy to check that the strategy profile (P AP, A PA) is a Nash equilibrium 
in this non-canonical extended game. This equilibrium strategy profile induces 
a probability distribution over the outcomes of the original game, as illustrated 
in Figure 3c. 


A P 
1 3 
A — ЕЭ 
7 7 
3 
P. = % 
7 
Figure 3c 


The distribution in Figure 3c can now be identified as a direct correlation 
device. It is well known as the revelation principle (Myerson (1982), (1985)) 
that this induced (direct) device is also a (direct) correlated equilibrium for the 
game in Figure 3b. However, note that, this correlated equilibrium suffers from 
the multiple equilibrium problem. as indeed, the disobedient strategy profile 
(PA, PA) is also a Nash equilibrium of the (canonical) extended game and it 
generates higher payoffs than the obedient equilibrium. To use the result depicted 
in the Proposition, note here a = 4/3, b = 2, c = 5, d = 7, x = 3/5 and у = 1/7. 
-Hence any direct device as in Figure 2b will suffer from the multiple equilibrium 
problem if 0 < p < 1/7. The device in Figure 3c, which is characterised by p = 1/7, 
does suffer from the multiple equilibrium problem. 


It is more important (о note that the non-canonical device іп Figure За (that 
induces the canonical distribution in Figure 3с), does not suffer from this problem, 
as the strategy profile (AP A, PAP); that corresponds to the disobedient profile in 
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the canonical game is not an equilibrium in the non-canonical extended game. 


The above example shows that it is possible to generate the obedient 
equilibrium and at the same time avoid the multiple equilibrium problem if one 
considers a non-canonical device such as the one in Figure 3a. One now might 
be interested in the structure of such non-canonical devices that would get rid of 
the multiple equilibrium problem. The device in Figure 3a does have a special 
structure. It is evident that the message profile (a, f ) in this device is a public 
message or a sunspot. Introducing a public message or a sunspot in the non- 
canonical device is however not the only way to do this job, as the following 
example shows. | 


Consider for example, the game in Figure 3b and the correlated equilibrium 
in Figure 3c. One can induce the correlated equilibrium using the non-canonical 
device in Figure 3d that involves no sunspot. It is easy to verify that in this 
noncanonical extended game, the strategy profile (AAP, AAP) is an equilibrium 
and it induces the direct correlated equilibrium in Figure 3c. However, the strategy 

` profile (P РА, PP A) that corresponds to the disobedient equilibrium in the 
canonical game 15 not an equilibrium of this non-canonical extended game. 


а e f 

1 3 

a 0 ET = 

14 14 

1 3 

b == 0 = 

14 14 
2 1 

G = - 0 
7 7 
Figure 34 


It is important to realise that the above non-canonical structures (as іп Figures 
3a and 3d) may not work to get rid of the multiple equilibrium problem for all 
such games. For example, it can be shown that for the game in Figure 1а and the 
correlated equilibrium in Figure 1b, one cannot find any non-canonical device,’ 
structurally similar to that in Figure 3a or Figure 3d, that does not suffer from the 
multiple equilibrium problem. 


5 Conclusion 


This paper studies the multiple equilibrium problem in normal form games played 
using correlation devices and asks the question whether there exists a 
communication scheme, more specifically, a non-canonical correlation device 
that can implement a correlated equilibrium and does not suffer from the multiple 
equilibrium problem. An early example does suggest that it is indeed the case. 
The question that then arises is what kind of non-canonical devices one needs to 
achieve this. One possible way is to include a sunspot in the noncanonical device, 
as an example indicates. 


The paper does not provide any general result. It only considers a 2x2 game 
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(Chicken) and а specific form of multiple equilibrium problem using а particular 
disobedient strategy. In this framework, sunspots in the non-canonical device 
turn out to be neither sufficient nor necessary to solve the problem. One definitely 
needs a different structure, possibly with larger message sets for each player, for 
these games. 


For future research, one might consider a couple of different directions. 
First, as mentioned earlier, it is now well known that mediated and unmediated 
(cheap) talk can generate any correlated equilibrium of a given game. Particularly, 
any correlated equilibrium can be generated by a (one-shot public) mediated 
talk (Lehrer (1996), Lehrer and Sorin (1997)) or pre-play unmediated 
communication (Ben-Porath (1998)). Both these schemes are valid for 2x2 games. 
It would therefore be interesting to analyse the games and the correlated 
equilibrium distributions discussed in this paper in their framework. Second, 
one reckons that the non-canonical structure discussed here might be useful to 
model and analyse communication between (two) agents in any group decision 
problem in the bounded rationality literature (Chapter 6, Rubinstein (1998)). 
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reduction, and consistent within each figure and set of figures. Supply artwork at the intended size for 





м відьом be sent inthe hor rcs; iste tobe used orly to am 
preferably within a week of receipt, will minimize the risk of the paper being held over to a later issue. 


© А сору ofthe journal will be provided, free of charge, to each author. 
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| ЖЕЛІК | 
Price Rs. 150/: (Rupees One-hundred fifty only) 





